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CHAPTER  I 

" THE  FROBLEIyl  AND  METHOD  USED  TO  SOLVE  IT 

The  Reasons  for  the  Need  of  Solving  the  Problem 

It  is  the  purpose  of  this  paper  to  determine  those 

science  principles  v/hich  should  become  the  knov.'ledge 

% 

objectives  of  the  general-science  course. 

Since  past  studies  indicate  that  the  number  of 
fundamental  principles  that  can  be  thoroughly  mastered  by 
students  in  one  semester  is  very  limited,  it  is  the  purpose  of 
this  paper,  also,  to  ascertain,  by  research,  the  few  impor- 
tant science  principles  that  every  elementary  and  junior- high- 
school  pupil  must  master. 

This  paper  vi/ill  only  consider  and  elucidate  the  knowledge 
©^object i\;e3  of  the  science  curriculum  even  though  the  writer 
recognizes  that  t here  are  other  valuable  objectives  to  be 
derived  from  a study  of  science. 

The  writer  feels  that  there  is  a need  for  solving  this 
problem  for  the  following  five  reasons; 

1.  The  writer  has  been  unable  to  find  in  either  textbooks, 
courses  of  study,  or  articles  a set  of  clear  and  concise  basic- 
science  principles  that  should  become  the  knovvledge  objectives 
of  the  science  curriculum.  (The  writer  has  found  a few  lists 
of  principles  at  the  end  of  textbooks  and  a few  statements  in 
teachers'  manuals  but  feels  that  these  lists  have  been  prepared 
without  a view  toward  pointing  out  the  underlying  science  prin- 
ciples .) 


2 


2.  The  writer  has  felt  that  her  own  general- science 
teaching  has  not  been  sufficiently  satisfying  and  has  felt  that 
her  teaching  might  become  aimless  unless  she  determined  the 
fundamental  science  principles  that  all  junior- high- school 
students  should  acquire, 

3.  The  writer  feels  that  just  as  there  are  a few 
fundamental  processes  in  mathematics  that  every  student  must 
acquire,  and  just  as  Lhere  are  a set  of  grammatical  rules  in 
English.,,  that  every  student  must  acquire,  so  there  are  a few  un- 
derlying principles  in  science  that  every  student  must  master. 

4.  The  v/riter  feels  that  a fev/  educational  leaders,  in 
their  desire  to  stress  other  important  science  objectives,  are 
pushing  the  knovi/ledge  objectives  down  into  a position  of  secondary 

-r* 

importance.  The  writer  feels  that-the  knowledge  objectives,  if 
stated  in  the  form  of  basic  principles,  should  be  rei;urned  to  their 
former  position  as  one  of  the  major  goals  of  science  teaching  by 
all  science  educators. 

5.  Finally,  the  writer  wishes  to  quote  J.  Cayce  Morrison, 
critic  of  the  Thirty-First  Yearbook  of  the  National  Society  for 
the  Study  of  Education,  who  includes  as  one  of  the  unsolved 
problems  in  secondary-school  science  teaching  "the  determination 

of  the  principles  of  science  toward  the  development  of  which 

1/ 

courses  should  be  directed.  "(Other  educators  have  recognized 
this  problem,  too,  as w ill  be  discussed  below.) 

For  many  years  progressive  educators  have  recognized  the  need 

\J  National  Society  for  the  Study  of  Education — Thirty-First 
Yearbook,  Part  I,  A Program  for  Teaching  Science,  Public  School 
Publishing  Co.,  Bloomington,  Illinois,  1932 
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for  the  reorganization  of  the  science  curriculum  and  for  the 
clarification  of  the  objectives  of  science  teaching.  Hov;ever, 
it  v/as  not  until  after  the  Thirty-First  Yearbook  was  published 
that  the  problem  of  setting  up  science  generalization^  or  prin- 
ciples^ as  the  Knowledge  objectives  of  the  science  curriculum 
received  widespread  attention. 

The  Thirty-First  Yearbook  included  thftty-eight  generaliza- 
tions which  they  admitted  w-ere  neither  all  inclusive  nor  perfected 
but  did  serve  as  a sample  to  future  reasearchers  and  curriculum 
builders.  Thus,  the  writers  of  the  Yearbook  realized  the  need 
for  further  study  in  this  matter. 

Philip  G.  Johnson  writes  in  the  National  Education 
Association  Proceedings  for  1938  that  "we  should  emphasize  prin- 
ciples in  our  teaching  of  science,  because  (a)  principles  are 
generally  truej  (b)  principles  are  relatively  few  in  number^ 

(c)  an  emphasis  on  principles  provides  excellent  opportunities 
for  guidance  in  the  development  of  scientific  thinking  and  scien- 
tific attitudes."  However,  Jorjison  does  not  tell  us  v/hat  prin- 
ciples should  be  taught. 

Feaster  VJolfor  di/  says  in  his  dessertation  '.'there  is  no 
general  agreement  as  to  the  character  of  objectives  for  science 
in  the  Junior  High  School,  but  most  authorities  emphasize  the 
ideas  of  exploration,  stimulation,  guidance,  and  adjustment  to 
the  environment.  There  appears  to  be  no  conclusive  method  of 
evaluating  objectives...."  This  statement  suggests  that  more 
research  is  necessary. 

l^Francis  D.  Curtis,  Third  Digest  of  Investigation  in  the 
Teaching  of  Science,  Study  No.  170  by  Feaster  Wolford,  P.  48, 

P.  Elaklstons'  Son  and  Co.,  Inc.  Philadelphia,  Pa. 
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Elliot  R.  Downing  wriLes  "as  far  as  the  Knowledge 
major  goal  is  concerned,  skill  in  the  use  of  each  of  the 
important  principles  of  science  becomes  the  more  specific 
objective  of  our  instruction.  An  instructional  unit  may  well 
be  organized  to  give  a mastery  of  each  principle  or  of  each 
group  of  closely  related  principles." 

Francis  D.  Curtis  ^ stai.es  in  one  of  his  latest  reviews 
of  research  work  that  "there  is  an  increasingly  strong  emphasis 
upon  the  teaching  of  principles  of  science,  the  developing  of 
scientific  attitudes,  and  the  training  in  the  use  of  the 
elements  of  scientific  thinking  as  major  objectives  of  science 
courses  at  all  levels  through  the  elementary  and  junior,  high. " 

Analyses  of  science  objectives  indicate  that  most  objectives 

are  stated  in  general  terms.  A sample  list  of  the  15  objectives 

found  leading  'the  list  by  George  W.  Hunter  and  Leroy  Spore  ^ 
in  their  study  of  science  teachers’  objectives  of  science 

teaching  follow; 

1.  To  develop  a better  understanding  of  the  environment. 

2.  To  Impart  Knowledge  of  the  environment. 

3.  To  d evelop  an  appreciation  of  our  environment. 

4.  To  promote  a better  understanding  of  personal  health 
needs . 

5.  To  help  develop  the  power  of  observation. 

6.  To  help  students  acquire  worthwhile  Ideals  and  habits. 


^/'Elliot  R.  Do'wning,  An  Introduction  to  the  Teaching  of  Science, 
University  of  Chicago  Press.,  Chicago,  1934 

^Review  Research,  Oct.  1942,  Teaching  of  Science  in  G.f  7-9 
B^y  Francis  D.  Curtis 

^School  Science  and  Math.,  Oct.  1943.  The  Objectives  of 
science  in  the  Secondary  Schools  of  the  United  States. 
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7.  To  help  develop  an  attitude  of  freedom  from  dogma 
and  superstition. 

8.  To  promote  good  citizenship  by  applying  Knowledge 
of  science, 

9.  To  aid  student  in  solving  life  problems* 

10.  To  attempt  to  train  the  student  in  steps  of  the 
scientific  method. 

11.  To  make  functional  adjustments  to  practical  aspects 
of  life. 

12.  To  train  student  to  withhold  conclusions  until  facts 
are  secured. 

13.  To  help  in  forming  habits  of  accuracy  and  neatness. 

14.  To  foster  democracy  by  using  classroom  as  pl-ce  to 
share  experience.' 

15.  To  foster  appreciation  for  consersatlon  of  natural 
resources. 

For  reasons  stated  previously  the  writer  feels  that,  in 
order  to  be  more  meaningful,  objective  2 above,  needs  to  be 
broken  down  into  sub-objectives  in  the  form  of  basic  science 
principles.  That  will  be  the  purpose  of  this  paper. 

The  writer  feels  that  the  other  objectives  stated  above 
are  also  Important  and  has  stated  them  in  recognition  of  their 
importance,  but  is  not  prepared  to  comment  on  them  at  this 
time  since  this  paper  will  deal  only  v;lth  the  knowledge 
objectives . 
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A Brief  History  of  the  Problem 

A brief  history  of  the  objectives  of  science  teaching 
will  Indicate  the  growth  science  education  has  made  to  date. 
Before  the  middle  of  the  19th  century,  science  was  taught 
chiefly  for  two  reasons;  (1)  to  give  information,  and  (2) 
to  further  one’s  religious  understandings.  The  science  in- 
formation gained  at  this  time  was  just  a series  of  facts--many 
times  a series  of  unrelated  facts.  Religious  understanding's 
were  believed  to'  come  especially  from  a study  of  the  biological 
sciences  which  presumably  brought  the  student  closer  to  God. 

For  the  next  fifty  zo  sixty  years  slight  progress  was 
made.  The  informational  objective  still  persisted  as  it  does 
even  today.  How'ever,  the  religious  objective  was  dropped  and 
was  succeeded  by  the  disciplinary  objective.  It  was  believed 
that  through  the  study  of  science  and  through  v/ork  in  science 
laboratories  the  mind  was  disciplined. 

This  objective  was  not  destined  to  be  long-lived  for 
disagreement  soon  arose  among  psychologists  as  to  the  true 
nature  of  formal  discipline  which  resulted  in  uhe  repudiation 
of  this  theory  by  most  psychologists#  As  a result  science 
education  again  began  to  seek  new  objectives  for  science 
teaching* 

With  the  coming  of  the  20th  century,  the  objectives  of 
science  teaching  were  still  based  on  psycho l^ogical  theories. 
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Thus  nature  s tudy  vi/as  believed  to  be  the  best  science  subject 
to  teach  in  the  elementary  school  since  this  was  the  period 
wnen  pupils  could  best  develop  their  powers  of  observation 
and  memorization.  It  was  not  until  the  pupil  reached  the 
secondary  school  that  the  other  special  s clences  were  developed. 
The  objective  here  became  to  pre'pare  the  student  for  collegeo 

After  about  1910,  the  ob jective^-'of  science  teaching 
steadily  improved.  However,  one  weakness  did  exist--these 
objectives  were  stated  in  vague  and  general  terms.  This 
weakness  still  persists  today. 

Since  the  "Thirty- Firs t Yearbook"  was  published  w'lth  its 
recommendation  for  building  the  science  curriculum  around  broad 
generalizations,  some  studies  have  been  carried  on  to  determine 
just  what  were  the  science  principles  in  the  general -science 
field  and  in  the  special  fields  of  science. 

The  writer  has  studied  a few  of  these  reports  i/  at 
length  and  finds  them  very  interesting.  However,  the  writer 
feels  that  these  principles  are  too  numerous,  too  detailed, 
and  too  difficult  in  v;ording  to  become  the  specific  knowledge 
objectives  of  the  Junior-High-School-Sclence  Course. 

N.  B. 

l^Elliot  R.  Downing  "An  Intro.  To  The  Teaching  of  Science 
Study  No.  164  by  Martin  L*  Robertson 

J/Prancls  D.  Curtis  "Third  Digest"  of  Investigations  in 
^e  Teaching  of  Science 
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It  is  the  Vvrlter's  desire  to  go  one  step  further  than 
these  above  mentioned  reports.  Thus,  an  attempt  v/ill  be 
made  not  only  to  determine  the  important  general- science 
principles,  but  also  to  restate  these  principles  in  language 
suitable  to  the  Jimi or -High. School  student. 
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Methods  Used  to  Solve  the  Problem 

Since  it  is  the  purpose  of  all  education  to  meet  the 
needs  and  interests  of  students  in  so  far  as  it  is  possible, 
the  writer  decided  to  use  students’  questions  as  a basis  for 
selecting  the  important  principles  v/hich  should  become  the 
objectives  of  the  general- science  course. 

Science  question  boxes  were  set  up  in  the  junlor-high- 
school  science  classrooms  of  three  towns  and  one  city. 

Permission  for  setting  up  these  question  boxes  in  the  class- 
rooms was  secured  from  the  superintendent  of  the  city  and 
towns  involved.  — 

Students  were  urged  to  drop  in  any  science  questions  for 

, 2/  1 

which  they  desired  an  answer.”  Only  the  students  school  grade 

was  required  to  appear  on  each  question  slip.  The  boxes  were 

left  in  the  classrooms  for  exactly  one  month  and  were  then 

collected. 

Tables  I-VI  show  the  results  of  this  survey. 

A total  of  2,475  students  had  access  to  the  boxes^  656 
questions  were  collected. 

The  questions  Vvere  tabulated  under  the  science  principles 
that  seemed  to  underlie  each  question.  Some  questions  were 
tabulated  under  more  than  one  principle. 

T/s  ee  letters  sent  to  supt.  in  Appendix 

^Porra  appearing  on  question  box  appears  in  Appendix  as  w ell  as 
form  letter  sent  to  the  science  teachers  taking  part  in  the  survey. 
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Most  of  the  questions  were  thus  tabulated. 

Sixty  science  principles  were  found  to  underlie  these 
questions. 

However,  some  questions  seemed  to  require  only  a short 
factual  answer  and  so  were  classified  under  topics. 

A few  questions  seemed  to  be  based  on  superstitions  or 
misconceptions  and  these  were  not  classified  under  principles 
but  rather  under  topic  headings. 

The  actual  results  of  this  survey  together  with  the 
tabulations  of  these  results  is  stated  at  length  in  the  next 
chapter. 

Ten  g eneral' science  textbooks—'^  were  next  examined  to 
determine  whether  .they  gave  space  to  the  sixty  principles 
found  underlying  the  science  questions  asked  by  the  students. 
The  results  of  this  study  are  found  in  Table  V. 

These  sixty  science  principles  were  then  restated  in 
language  suitable  to  the  elementary- school  pupil  and  then 
stated  again  in  language  suitable  to  the  junior-high. s chool 
student.  These  statements  were  then  sent  to  ten  in-service- 
elementary- school  teachers  and  to  ten  in-service -junior-high- 
school  teachers  for  evaluation. 

The  writer  felt  that  those  -principles  deemed  most 
important  by  eight  out  of  ten  elementary- school  teachers  might 
become  the  specific  knov;ledge  objectives  of  the  elementary- 
school- science  curriculum. 

^See  Appendix  for  list  of  10  textbooks  examined. 
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The  writer  felt  also  that  those  principles  deemed  most 

important  by  eight  out  often  junior- high- school  teachers^/ 
might  become  the  specific  knowledge  objectives  of  the  junior- 

high-school  science  curriculum* 

The  writer  felt  that,  after  stating  the  results  of  her 

research,  she  would  then  be  at  least  partially  qualified  to 

go  one  step  further  and  incorporate  her  own  ideas,  with  the 

results  of  her  research,  in  order  that  the  fundamental  science 

principles  that  should  become  the  objectives  of  the  general- 

science  course  might  b e established. 


^bnly  6 out  of  the  10  junior-high -school  teachers  approached, 
responded.  Therefore,  the  writer  felt  that  those  principles 
deemed  most  important  by  5 out  of  the  6 junior- high -school 
teachers  might  become  the  knov/ledge  objectives  of  the  general- 
science  curriculum. 
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CHAPTER  II 


Results  of  Study 

Classification  of  Students*  Questions  Into  THree  Categories 

Survey  is  conducted* --As  previously  stated,  a science- 

question  survey  v/as  conducted  -in  some  of  the  junior-high  and 

senior^ high -school  classrooms  of  three  towns  and  one  city. 

The  results  of  that  survey  are  depicted  by  Tables  I-VI,  below. 

who 

From  2,47^  students/had  access  to  the  boxespnly  656  questions 
were  collected.  (Table  I) 

It  is  interesting  to  note  that  the  seventh  grades  asked 
more  questions-  per  pupil  than  did  any  other  grade  and  that 
grade  nine  produced  a few  more  questions  than  grade  8. 

A marked  drop  was  noticeable  at  the  senior- high- school 
level  v;here  the  response  to  the  survey  was  very  poor.  (Table 
II)  The  writer  merely  points  out  this  fact  to  the  reader 
but  feels  unable  to  offer  any  cause  for  this  apparent  incon- 
sistency. 


Enrollment 

Questions 

Grade  7 

457 

3TT§ 

Grade  8 

568 

136 

Grade  9 

575 

158 

Grade  10 

232 

20 

Grade  11 

169 

0 

Grade  12 

259 

2 

not  graded 
(high  school) 

215 

38 

Total 

2475 

656 

The  Enrollment  by  Grades  and  the  Number 
of  Science  Questions  asked  by  each  Grade 
over  aperiod  of  1 month. 
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Classification  Into  Three  Categories .--These  656 
questions  were  next  classified  under  one  of  the  following 
three  categories,  vl-z:  (a)  under  science  principles,  (b) 
under  topic  headings,  (c)  under  misconceptions  or  super- 
stitions, (See  Table  II  fei.) 


Categories 

No.  of  Questions 

1.  Science  Principles 

474 

2.  Topic  Pleadings 

165 

3.  Misconceptions  and 
Superstitions 

17 

Total 

656 

Table  II 


The  number  of  Questions  Tabulated  Under 
Each  of  the  Three  Categories. 

Most  Questions  tabulated  under  science  principles , --iviost 
C474-) 

questions^ were  classified  under  the  science  principles  that 
seemed  to  underlie  the  questions,.  Some  of  the  4-74  questions 
were  classfied  under  more  than  one  principle.  Thus,  these 
474  questions  were  given  738  allocations.  These  questions  will 
be  dealt  with  at  length  belov/. 
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Some  questions  tabulated  under  topic  headings Some  of  the 
questions  asked  by  the  students  seemed  to  require  only  a ”yes 
or  no”  or  ”not  yet  knov/n”  answer  or  just  a short  factual  state- 
ment for  an  answer.  These  questions  were,  therefore,  classified 
under  eight  headings,  viz:  astronomy,  physiology  and  hygiene, 

biology,  chemistry,  weather,  physics,  geology,  and  miscellaneous. 
Seven  of  these  headings  pertained  to  different  science  fields, 
v/hile  one  heading  was  left  for  miscellaneous  questions.  (See 
Table  ll  above  and  Table  III  a.  below)  These  questions  are 
listed  in  Table  III  b.  below. 


No.  of 
Questions. 

Astronomy 

42 

Physiology 
and  Hygiene 

41 

Biology 

31 

V 

Chemistry 

12 

V.'eather 

11 

Physics 

8 

Geology 

2 

Miscellaneous 

18 

Total 

165 

Table  III  a. 

A Frequency  Tabulation  Under  Topics  of  the  165  Questions 
That  Seemed  to  Underlie  No  Particular  Science  Principles. 


15 


Table  III  b. 

The  Arrangement  under  Topic  Headings  of  the  165 
Science  Questions  that  did  not  seem  to  Underlie  any  Particular 


Science  Principles. 


k*  Astronomy  Questions 

Irade 

F 

1.  ?.Tilch  is  bigger  the  stars,  moon,  or  the 

7/7J7,7 

sun? 

7 

2.  How  far  does  space  go?  Where  does  it  end? 
If  it  doesn’t  end  anywhere,  \.hy  does  it 
say  in  the  book  that  all  thlnc^s  end  some- 
where? 

909 

9,90 

6 

3.  About  how  many  stars  are  there  in  the 
universe? 

7,8,9 

3 

4.  3an  people  ever  reach  Kars? 

w 

3 

5.  Is  it  true  that  every  year  the  sun  is 

8 

getting  closer  tc  the  earth?  V/hy? 

H.S. 

2 

6.  v;hat  is  the  Milky  Way  made  of?  Not  the 
candy  bar  but  the  Milky  Way  in  the  sky? 

7,7 

2 

7.  What  causes  the  craters  on  the  moon? 

^8 

2 

8.  Where  and  vi^hen  did  they  g et  the  names  of 
the  Planets? 

9,9 

2 

9.  V/hat  are  stars? 

7,7 

2 

10.  Is  the  observatory  on  Mt.  Palamor,  Gal. 
yet  completed?  If  not,  when  will  it  be 
completed? 

8 

1 

11.  V/111  we  be  able  to  travel  from  planet  to 

planet  in  the  future? 

8 

1 

12.  Is  every  planet  another  ;.orld? 

7 

1 

p / 

.r^'"  1 . 


PI  >.r?  --o 


^v\ 


. ' ni  . 

j clwOT  Ti3<Lr^'  ijrf'I 


•iBiro.  ^ •-:^i 


? tc'^  i>!;b  inci  -.C  -ronaloZ 
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>T  » 
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Grade 

F 

13. 

Is  there  an  end  to  the  Earth? 

If  not,  there  must  be  a lot  of 

land  that  man  hasn’t  discovered 

yet.  Is  this  true? 

■ H.S. 

1 

14. 

Will  the  earth  ever  have  an  end? 

9 

1 

15. 

Among  the  millions  of  stars  are 

there  worlds  like  ours? 

8 

1 

16. 

Does  the  Northern  cross  appear  in 

the  autumn? 

8 

1 

17. 

What  makes  the  seven  sister  stars? 

7 

1 

18. 

What  is  a Gibbous  moon? 

9 

1 

19. 

At  what  time  does  Haley’s  comet 

appear? 

7 

1 

20. 

Hov/  fast  does  the  earth  move? 

7 

1 

21. 

V.liat  is  a ring  around  the  Planet 

Saturn  called? 

8 

1 

22. 

Could  you  reach  the  moon  when  you 

are  in  an  airplane? 

8 

1 

Total 

B.  Physiology  and  Hygiene  Questions 

1. 

2. 

3. 

4. 

5. 
6 • 

7. 

8. 


^".hat  makes  people  dream  at  night? 


i;i 

k.s. 


V/hat  makes  people  get  the  hiccoughs?  7,9, 

10 


7,7 


9,9 


8 


Why  do  people  frown? 

Why  do  our  eyes  water  when  we  yawn? 

Why  do  people  daydream? 

What  causessome  humans  to  become 
giants? 


In  the  last  10  years  more  people  died 
of  heart  trouble  than  in  the  eighteen 
hundreds.  Wcij  is  this?  8 

Will  there  be  any  scientist  who  will 
bring  the  dead  back  to  life?  8 


3 

2 

2 

1 


f'K 
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9. 

10. 

11. 

12. 


13. 


14. 

15. 


16. 


17. 

18. 

19. 

20. 


21. 


22 


23. 


24. 


How  many  bones  are  there  in  the  hman 
body? 

V/hat  is  the  difference  between  a man  and 
a woman? 


Grade 


10 


8 


1 


VThat  causes  perspiring  hands?  How  can  this 
be  stopped?  8 

V/hat  is  the  most  important  thing  in  our 
living  world?  7 


I 

1 


Once  I saw  some  twin  boys  and  they  seemed 
to  be  crippled  at  the  top  of  their  legs. 

I asked  someone  what  was  wrong  with  tixem 
and  they  told  me  that  they  v/ere  turning  to 
stone.  I asked  other  people  and  they  told 


me  the  same  thing.  Vv’hat  causes  that?  9 

Is  it  true  that  blood  is  blue  but  when  ex- 
posed to  air  it  is  red?  9 

V/hy  do  we  have  to  wink  all  the  time?  9 

VJhy  are  there  more  girls  than  boys  in  the 
world?  9 


1 

1 

1 

1 


V/ill  there  be  a vaccine  for  all  contagious 
diseases? 


H.3. 


1 


What  makes  us  sleep?  7 

it 

How  is/ that  you  can  often  tell  a persons  age? 

As  they  grow  older  their  face  becomes  older.  9 

Are  there  any  living  people  who  are  not  much 
farther  advanced  than  some  of  the  types  of 
men  (ancient)?  8 


1 

1 

1 


Do  you  move  when  you  sleep? 


8 


1 


When  did  men  first  begin  to  use  science? 


9 


1 


W^hat  will  man  be  like  1000  years  from  now? 


H.S 


1 


V/hat  makes  the  mind  work? 


9 


1 
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Grade 

F 

25. 

Vvhy  do  most  girls  grovi/  faster  than 
most  boys? 

9 

1 

26, 

How  do  girls  come  about  menstruating? 

7 

1 

27. 

1/lTiy  do  women  have  hair  on  places  that 
men  don’ t? 

8 

1 

28. 

I'l'hat  is  the  name  of  the  s trongest  baby 
born?  heaviest? 

8 

1 

29. 

V»hat  causes  a cramp? 

10 

1 

30. 

Vi/hat  causes  headaches? 

9 

1 

31. 

Viliat  causes  a cyst?  How  can  it  be 
cured? 

9 

1 

32. 

VJhy  when  a person  is  drowning  does  a 
ringing  sound  come  to  his  ears? 

7 

1 

33. 

VJhat  is  the  cause  of  bolls? 

7 

1 

34. 

V/hen  a man  is  blind,  how  is  it  that  his 
hearing  improves  a great  deal? 

7 

1 

35. 

If  you  cut  off  a dog's  head  and  it  lives, 
how  long  can  you  keep  it  alive? 

8 

1 

Total 

41 

C.  Biology  Questions 

1. 

How  do  oysters  make  pearls? 

7 

1 

2. 

Was  the  first  race  w^hite  or  dark?  What 
makes  them  that  v;ay?  Was  everybody  white 
once? 

7 

1 

3. 

Do  flies  bite? 

8 

1 

4. 

Is  a lime  the  same  as  a lemon? 

9 

1 

5. 

Is  a zebra  black  with  white  stripes  or 
v/hite  with  black  stripes? 

10 

1 

6. 

Vi^hy  do  we  have  flies? 

H.S 

1 

7. 

How  do  bees  make  honey? 

7 

1 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 


How  long  does  the  average  v;hite  rat 
live? 

What  causes  lemons  to  have  acid? 

What  are  the  giants  and  dwarfs  of  the 
forest? 

V.hat  is  a winter  chippy? 

Are  horsechestnuts  good  to  eat? 

Vdiat  is  the  value  of  irrigation? 

How  many  -times  a second  does  a fly  move 
its  wings? 

Did  cov/s  once  live  in  the  woods  in  the 
Old  Stone  Age? 

Why  are  there  little  palm  trees  in  the 
U.  S.  A.? 

What  do  dinosaurs  use  their  points  for? 


Grade 

9 

9 

7 

7 

7 

7 

8 

7 

7 

7 


F 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


18.  Does  a bird  have  teeth?  7 

19.  If  the  prehistoric  animals  were  on 

earth  now  could  they  be  tamed?  7 

20.  Are  v.e  one  of  the  states  without 

buff* lo?  If  we  have  any  where  are  they 
and  how  many  do  we  have?  7 

21.  Why  can  a parrot  talk?  9 

22^,  How  can  an  owl  fly  without  making 

noise?  K.S 

23.  How  far  can  a true  fish  see?  10 

24.  Wliere  is  the  pigmy  rattlesnake  found?  10 

25.  Where  are  glass  snakes  found?  10 

. What  snakes  resemble  the  coral  snake?  10 


1 

1 

1 

1 

1 

1 

1 

1 

1 


26 
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Grade 

F 

27. 

Hov;  far  is  the  spitting  cobra  capable 

spitting? 

10 

1 

28. 

Do  insects  have  brains? 

10 

1 

29. 

Do  you  have  any  V/ild  flovvers  in  the 

V/oods? 

7 

1 

30. 

Kow  do  the  feathers  on  a bird  form? 

7 

1 

31. 

How  can  you  find  oui,  the  different  kinds 

of  pine  and  fir  trees? 

7 

1 

Total 

3l 

D.  Chemistry 

1. 

V.hat  element  does  the  earth  contain  the 

most?  least? 

99 

2 

2. 

’Ahlch  is  the  strongest  iron,  steel  or 

copper? 

7 

1 

3. 

How  do  they  make  the  diffe-ent  kinds  of 

paint? 

9 

1 

4. 

Vnhat  is  the  most  effective  rocket  fuel 

known  to  this  time? 

12 

1 

5. 

V.hat  is  the  chemical  composition  of 

chlorophyll,  that  is,  what  are  the 

elements  contained  in  it? 

H.S 

1 

6. 

V;hat  is  the  other  name  for  bauxite? 

7 

1 

7. 

V.liat  is  pencil  lead  made  of? 

7 

1 

8. 

If  ©2  can  be  madej"  can  air? 

9 

1 

9. 

V.hy  are  tin  cans  made  of  steel? 

7 

1 

10. 

Kow  do  they  make  lipstick? 

9 

1 

11. 

Are  scientists  trying  to  find  out  new 

ways  of  making  explosives? 

7 

1 

Total 

12 

4 


•. » I 
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Grade 

P 

E.  V/eather  Questions 

1. 

What  is  the  name  of  the  3 different 
clouds  and  what  does  each  s tand  for? 
What  kind  of  weather? 

7^6 

3 

2. 

Why  do  we  have  a hurricane  in  6 yr. 
then  not  have  one  in  100  years? 

and 

7,7,7 

3 

3. 

Do  the  clouds  ever  change  their 
shape? 

8 

1 

4. 

Is  each  snow  flake  different  from 
all  the  others? 

8 

1 

5. 

How  thick  does  ice  have  to  be  before 
five  people  can  skate  on  it? 

7 

1 

6 . 

What  kind  of  clouds  are  the  highest 
in  the  air? 

8 

1 

7.  Wh.y  do  the  stars  look  so  small  in  the 
sky  and  they  really  are  so  big? 

Total 


8 


1 

TT 


P,  Physics  Questions 



1.  Has  the  U.  S.  got  a jet  propelled 

fighter  plane?  If  so,  how  fast  does  it 
go?  8 

2.  VtThy  do  they  have  4 elevators  on  an  air- 
plane instead  of  2?  7 


3.  What  is  a meghon<? 


9 


1 

1 


4.  Why  is  the  speed  of  a ship  measured 

in  knots?  3 

5.  What  is  the  new  p,  K,  in  the  new  radio 

coming  out?  They  will  have  a beautiful 
tone  and  no  static.  H.S 
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Grade 

P 

6 • 

Eow  many  gallons  of  water  does  the 
acqueduct  furnishing  water  for  Los 
Angeles  handle? 

9 

1 

7. 

Who  invented  the  siphon? 

9 

1 

8. 

Is  it  possible  to  build  a bridge  across 
the  Atlantic  or  English  Channel? 

8 

• 

1 

Total 

8 

G. 

Geology  Questions 

1.  What  is  in  opals  people  like? 

7 

1 

2.  If  you  dig  a hole  sometimes  you 
viill  come  upon  a yellov/ish  earth. 
What  is  this? 

8 

1 

Total 

2 

H. 

Miscellaneous 

1.  In  science'  does  one  find  out  many 
things  and  do  many  experiments  like 
a scientist?  Why  don’ t we  have  ex- 
periments in  the  7th  grade? 

7.7,7 

7.7,7 

6 

2.  Are  some  experiments  dangerous? 

7 

1 

3.  Wliat  was  the  most  important  science 
discovery  made? 

9 

1 

4,  Wlio  was  the  first  scientist  and  what 
did  he  do? 

9 

1 

5.  v;hy  is  strata  made  on  a flat  surface? 

9 

1 

6.  WTiat  are  C.  S.  used  for? 

9 

1 • 

7.  How  long  is  a piece  of  string? 

7 

1 

8.  How  high  is  up? 

7 

1 

9.  What  do  they  mean  in  science  when 
they  say  it  extends? 

7 

1 
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, ^ ■ 

Grade 

P 

10. 

What  causes  a bump  to  rise  when  you 
kick  a football? 

9 

1 

11. 

Why  were  different  languages  created? 

H.S 

1 

12. 

Is  there  any  such  thing  as  turpentine 
in  water? 

7 

1 

13. 

In  school  I have  mathematics  as  one  of 
my  major  subjects.  In  doing  my  daily 
work,  I do  very  v;  ell  but  when  v.e  have 
a test,  I usually  fail.  Can  science 
answer  my  problem? 

9 

1 

Total 

18 

Grand  Total 

165 
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T^ost  quest5.ons  asked  were  in  fields  of  astronomy  and 
physiology  and  hygiene»--It  is  interesting  to  note  that,  in 
this  category,  the  number  of  questions  asked  in  the  field 
of  .astronomy  exceeded  by  only  one  bhe  nu-nber  of  questions 
asked  in  ohe  field  of  physiology  and  hygiene. 

The  questions  under  physiology  and  hygiene  seemed 
especially  pertinent  to  the  writer  since  most  of  them  were 
questions  that  the  student  would  not  be  likely  to  ask  the 
teacher  in  the  regular  classroom.  It  Indicates  that  junior^ 
high-school  students  desire  to  know  many  things  about  their 
bodies  that  most  textbooks  do  not  Include. 

. Interest  in  exocrimem^s  is  evJ d^nt . --The  questions 
classified  under  miscellaneous  are  interesting,  also.  Six 
diffe.ent  students  at  the  seventh-grade  level  desired  to 
know  why  they  didn’t  have  experiments  in  the  seventh  grade. 
This  should  serve  as  a reminder  to  teachers  that  experiments 
are  Important  even  if  their  only  purpose  were  to  act  as  an 
incentive  to  students'  interests. 

^ fftw  qn.  RtlonR  tabulated  under  misconceptions  and 
superstitions . --Seventeen  of  the  questions  seemed  to  be 
based  on  misconceptions  or  superstitions  and  so  these  were 
not  classified  under  principles,  but  rather  under  general 
topic  headings.  (See  tables  II  and  IV  a.)  The  actual 
questions  asked  and  the  frequency  of  occurrence  of  ea3h 
question  appears  in  TablelVb  below. 
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Topics 

— r 

.Astronomy 

Superstitions 

3 

Vi'eather 

2 

Biology 

1 

Physics 

1 

Chemistry 

1 

t3TST 

The  Number  of  I.!lsconceptions  or  Superstitions 
Appearing  imder  Each  of  Six  Topic  Headings* 


Table  IV  b. 

The  Seventeen  Misconceptions  and  Superstitions  Arranged 


A. 


Under  Topic  Headings 


Astronomy  questions 


. 

Grade 

F 

1.  The  sun  and  moon  do  not  move,  then  how 
can  the  sun  and  moon  cross  each  other 
somet ime? 

7 

1 

2.  Why  is  it  that  a piece  of  planet  falls 

off  and  a piece  ofearth  does  not  fall  off 
and  that  if  a piece  of  earth  falls  off  it 
will  stay  there? 

y 

9 

1 

3.  V/hy  do  the  stars  only  shine  at  night? 

8 

1 

4.  Is  there  a planet  named  Planet  Mongo 
and  are  there  people  living  on  it? 

7 

1 

5.  V/hat  planet  can  not  be  seen  thru  a teles- 
cope? 

8 
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Grade 

F 

6.  Why  can’ t we  see  the  nearest  planet? 

7 

1 

7.  One  day  I was  watching  a star  for 

about  one  half  hour.  I went  to  the  store 
and  when  I came  back  it  was  gone  from 
its  place.  Vvhat  made  it  move? 

8 

;i 

8.  Why  is  it  that  sometimes  when  you  look 
at  the  sun  you  sneeze? 

9 

1 

9.  Are  there  Gods  for e very  planet? 

8 

1 

Superstitions 

1.  A woman  who  lives  near  me  claims  she 
saw  a ghost  and  says  that  her  father 
saw  it  too.  Did  she  really  see  one  or 
was  it  her  imagination? 

7 

1 

2.  Why  is  it  bad  to  live  in  a house  that 
has  slanted  rooms? 

8 

1 

3.  Hov/  do  you  know  what  star  you  are  born 
under? 

• 

8 

1 

Weather  Questions 

1.  What  does  it  mean  by  the  term  "conduction 
of  weather?" 

8 

1 

2,  Why  do  the  clouds  come  out  when  it  rains? 

7 

1 

Biology  Questions 

1.  Why  do  robins  turn  white  on  their  head 
and  others  don' t? 

7 

1 

Physics  Questions 

1.  What  makes  the  air  come  out  of  a baloon 
when  all  air  is  on  the  outside? 

7 

1 

Chemistry  Questions 

1.  In  winter  all  sweet  water  freezes.  Then 
how  do  we  get  our  water? 

9 

i 

Total 
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Tables  IV  a.  and  IV  b.  indicate  that  most  miscon- 
ceptions in  science  occur  in  the  field  of  astronomy.  A 
careful  survey  of  all  the  questions  asked  by  the  students 
(Tables  III  b,  IV  b.,  and  Appendix)  show  that^ in  general, 
interest  in  astronomy  is  very  high  among  junior- high-school  - 
students.  Therefore,  it  follows  that  special  emphasis  must 
be  placed  on  the  principles  that  underlie  this  field  so  that 
pupils  might  be  better  equipped  to  make  accurate  generalizations. 

Question  no.  1 of  Table  IV  b.  is  an  example  in  point. 

The  student  asks,  "The  sun  and  moon  do  not  move,  then  how  can 
the  sun  and  moon  cross  each  other  sometime?" 

Here  a generalization  has  been  drawn  by  the  student 
which  is  inaccurate.  If  the  principle  of  motion  and  its 
sub-principles  of  rotation  and  revolution  had  been  fully  un- 
dei'stood  by  the  student,  as  well  as  the  principle  of  gravita- 
tion, such  an  inaccurate  generalization  might  never  have  been 
formulated. 

The  165  questions  classified  under  -copic  headings  and  the 
17  questions  classified  as  misconceptions  or  superstitions 
had  only  an  indirect  bearing  on  the  main  issue  of  this  paper 
and  thus  have  not  been  discussed  at  any  great  length.  However, 
the  actual  questions  asked  by  the  students  have  been  included 
in  the  body  of  this  paper  (Tables  III  b,  and  IV  b.)  so  that 
the  interested  reader  might  study  them  further. 
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The  writer  will  now  turn  to  those  474  questions  which 
have  a direct  influence  on  most  of  the  material  which  will 
follow. 

Sixty  principles  found  to  underlie  474  questions 
Each  question  v;as  carefully  read  and  analysed  to  determine 
what  principle  or  principles  were  implied  in  each.  As  soon 
as  a principle  was  found  underlying  a question,  it  was 
written  dov/n  and  the  question  was  classified  under  it.  If 
more  than  one  principle  seemed  to  underlie  a question,  the 
question  was  classified  under  each  principle.  Thus,  sixty 
principles  were  found  to  underlie  these  474  questions 
(738  allocations  were  made.) 

These  principles  and  the  questions  that  were  found  to 
underlie  each  are  given  at  length  in  the  Appendix,  The 
grade  of  the  student  asking  the  question  as  well  as  the 
frequency  of  occurrence  of  the  question  is  also  given.  The 
reader  will  find  these  questions  very  interesting  and  en- 
lightening. 

Table  V simplifies  the  results  obtained,  Eere  just 
the  principles  are  stated  and  the  total  number  of  questions 
that  underlie  each  principle  is  given. 
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Table  V 

The  Sixty  Science  Principles  Implied  in  474  Students' 
Questions  (738  allocations)  as  well  as  the  N’jmber  of  Questions 
Underlying  Each  principle.  Also,  the  Number  of  General-Science 
Textbooks  (out  of  ten  examined)  That  Give  Space  to  Each  of 
These  Principles. 


'^umber  of  Textbooks 
Giving  space  to 
x:,ach  Principle 


Principles 


IT 


Frequency  of 
Students'  Questions 


A body  at  rest  remains 
at  rest  and  a body  in 
motion  remains  in  mo- 
tion unless  acted  upon 
by  some  external  force. 


31 


8 


2.  A chemical  change  is  a 
change  in  w'hich  a new 

substance  is  formed.  4 8 


3.  All  life  comes  from  pre- 
existing life  and  repro- 
duces its  own  kind;  thus 
life  continues  from  age 

to  age.  16  2 


4.  All  life  has  evolved  from 

simpler  forms.  3 

5.  All  living  things  must 
adapt  themselves  to  the 
conditions  under  vvhich  they 

live  or  become  extinct.  30 


2 


5 


6.  Allliving  things  use  O2 
to  change  food  into  heat 
and  into  other  forms  of 

energy.  3 . 8 

7.  All  matter  is  either  a 

solid,  a liquid,  or  a gas.  16 
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8.  All  matter  is  made  up  of 

tiny  particles  called  mole- 
cules and  these  molecules 
are  in  constant  motion. 


7 


9 


9.  All  substances  have  their 
own  boiling  point,  freezing 
point,  and  Kindling  temp. 


6 


5 


10.  An  electric  current  is  a flow 
of  electrons  and  can  be  pro- 
duced by  friction,  by  chemical 
change  or  by  use  of  magnets. 


10 


6 


11.  An  object  is  stable  when  its 
center  of  gravity  lies  above 
its  base. 


1 


2 


12.  Archimedes  principle:  Any  ob- 

ject that  is  wholly  or  partly  Immersed 
in  a liquid  or  a gas  is  held  up  by  a 
force  that  is  equal  to  the  weight  of 
the  liquid  or  the  gas  that  the  object 

has  displaced.  12  9 

13.  Artificial  transmutation:  The  lighter 

elements  can  b e made  from  the  heavier 

ones  artificially.  1 0 

14.  D^rnouilli^n  pyinoiplc : The  movement 

of  air  against  a tilted  plane  causes 

a greater  pressure  to  be  formed  on  the 

under  surface  of  the  plane.  7 9 

15.  Certain  amounts  of  light,  heat, 
moisture,  02>  and,  food  are  necessary 

to  the  life  of  most  living  things.  25  6 

16.  Certain  physical  and  mental  characteris- 
tics are  inlierited.  15  3 

17.  Different  plants  and  animals  have 

different  life  cycles.  15  0 

18.  Energy  and  matter  can  neither  be 

created  nor  destroyed  but  may  be  trans- 
formed from  one  form  to  another.  5 8 
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19 o Energy  maybe  carried  from 

place  to  place  thau^^a  continuous 

medium  by  means  of  v/ave  motions.  .6 

20.  Equal  forces  tend  to  balance 

one  another.  ' 2 

21.  Every  body  has  v^^eight  and  occupies 
space.  Two  bodies  cannot  occupy 

the  same  place  at  the  same  time.  2 

22.  Fluids  move  from  regions  of  greater 
pressure  to  regions  of  less  pressure.  33 

23.  Heat  may  be  transferred  by  radiation, 

conduction  or  convection.  39 

24.  In  fine  tubes,  liquids  capable  of 
wetting  the  material  of  v/hich  the 

tubes  are  made  will  rise.  2 

25.  In  general  bodies  expand  v/hen 

heated  and  contract  when  cooled.  23 


26.  In  general,  media  carrying  energy 

weaves  have  t-he  ability  to  return  to 
their  original  condition  after  being 
disturbed.  2 

27.  Law  of  Palling  Bodies:  V/hen  two 

objects  of  unequal  w'elght  are  dropped 
from  the  same  height  at  ethe  same  time, 
they  will  both  fall  at  the  same  rate 

of  speed.  12 

28.  Law  of  Machines;  The  force  multiplied 

by  the  distance  thiwtgKVi/hich  it  moves  is 
equal  to  the  weight  multiplied  by  the 
distance  thaujU which  it  moves.  1 

29.  Law  of  Probability;  The  probability 

of  an  event,  is  the  raTiio  of  the  no.  of 
ways  in  which  it  can  happen  to  the  total 
no.  of  ways  in  which  it  can  either  happen 
or  fall.  1 

30.  Law  of  Universal  Gravitation:  All 

objects  in  the  universe  attract  each 
other.  This  attraction  is  greater  be- 
tween h avler  objects  and  it  decreases 
as t he  objects  get  farther  apart. 
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,31.  Light , travels  in  straight 
lines  v:Vi2jU{l,the  same  subs- 
tanceA/hen  light  passes 
from  one  kind  of  subs- 
tance to  another,  the  t*ays 

of  light  are  bent.  - 12 

a*'®' 

32.  Light  waves^of  different  lengths. 

Vv'hen  light  strikes  an  object  some 
of  the  light  is  absorbed  v/hile 
some  is  reflected  from  the  sur- 
face. The  angle  at  v/hich  light 
strikes  an  object  is  equal  to  the 
angle  at  which  light  leaves  the 

object.  49 

33.  Like  electrical  charges  repel 
one  another,  unlike  electrical 
charges  attract  one  another.  Like 
magnetic  poles,  repel,  unlike  mag- 


netic poles  attract.  6 

34.  Plants  and  animals  are  dependent 

on  one  another.  3 

35.  Protective  adaptations  are  an 

aid  to  s urvlval.  7 

36.  Recapitulation  theory:  In  the 

developmentof  i;he  organism,  the 
development  of  the  race  repeats 

itself.  3 

37.  Rocks  were  made  in  3 v/ays : under 

water,  by  preserve  and  friction, 

and  by  heat.  20 


38.  Sounds  are  produced  by  vibrations 

and  are  carried  by  solids,  liquids, 
and  gases  that  vibrate.  When  sound 
waves  strike  an  object  they  are  re- 
flected from  the  object.  26 

39.  The  a ttraction  of  molecules  of  the 

same  kind  for  each  other  is  called 
cohesionr  The  attraction  of  molecules 
of  different  kinds  for  each  other  is 
called  adhesion.  7 

40.  The  cell  is  the  unit  of  structure, 
function,  and  growth  of  all  .life. 
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41.  The  movements  of  the  solar 
system  and  of  the  stars  continue 

in  regular  uniform  motion.  17 

42.  The  Present  is  the  Key  to  the  Past.  1 

43.  The  pressure  of  the  atmosphere 
decreases  as  the  altitude  increases, 
and  increases  as  the  altitude  de- 


creases. 2 

44.  The  pressure  of  v/ater  increases  with 

its  depth.  1 

45.  The  sun  is  the  chief  source  of 

energy  on  the  earth.  9 

46.  The  surface  of  the  earth  is 

constantly  changing.  23 


47.  Theory  of  creation:  Each  kind  of 

plant  and  animal  was  created  in  the 
beginning  v;ith  the  same  character 

it  has  today.  ^ 4 

48.  Theory  of  Spontaneous  Generation: 

New  life  and  nev/  forms  of  life  form 
whenever  favorable  conditions  occur.  5 

49.  There  are  myriads  of  bacteria,  molds, 
and  spores  everywhere  which,  under 

the  right  conditions^ will  multiply. 

Nany  of  these  micro-organisms  are  the 
chief  cause  of  most  diseases.  9 

50.  There  is  always  friction  whenever 

VO  rk  is  done  and  this  friction  produces 
heat.  Rolling  friction  is  less  than 
sliding  friction.  38 

51.  Tidal  theory:  A great  passing  star 

may  have  pulled  some  of  the  gaseous 
material  away  from  our  sun,  thus 

forming  the  beginning  of  our  Earth.  11 

52. 
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Time  is  the  4th  dimension 
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53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 


Two  balancing  forces,  motion 

and  gravitation,  tend  to  keep 

the  astronomical  bodies  in  place.  32 

’uVater  is  a universal  solvent.  4 

Dlhen  a current  of  electricity  is 
passed  thai^a  wire,  a magnetic  field 
is  produced  around  the  v/ire,  and 


conversely.  4 

\".hen  a solid  changes  to  a liquid,  and  a 
liquid  to  a gas,  heat  is  absorbed,  and 
conversely.  19 

V.'hen  a solute  is  added  to  a solvent, 

the  B.  P.  is  raised  and  the  P.  P. 

is  lowered.  2 

Vihen  air  is  cooled  sufficiently,  the 
moisture  in  it  is  condensed.  39- 

When  anything  burns,  02  is  used  and 

C02  is  given  off.  10 


V/hen  light  strikes  an  opaque  object, 
a shadov/  is  formed  behind  the  object.  2 
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Examination  of  Ten  General-Science  Textbooks 

Ten  general-s  cience  textbooks  y were  next  examined 
to  determine  whether  they  gave  space  to  these  sixty  principles. 
The  results  of  that  survey  appear  on  Table  V.,  also. 

This  table  shows  that  most  textbooks  do  include  in  some 
form  the  principles  found  underlying  students’  questions. 

Next^the  twenty- five  principles  having  the  greatest 
number  of  questions  tabulated  under  them  were  arranged  in 
order  of  rank.  (Table  VI)  The  twenty-five  of  the  sixty 
principles  receiving  the  hii_.hest  frequency  rating  by  the  10 
textbooks  examined  were  also  arranged  in  order  of  rank. 

(Table  VII  below.) 


bibliography  for  a list  of  these  ten  textbooks 
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Table  VI 

Tabulation  oi*  the  25  science  principles  Most  Often 
Implied  in  Students'  Questions 

F 

1.  Light  waves  ai^e  of  different  lengths.  When  light 

strikes  an  object  some  of  the  light  is  absorbed 

while  some  is  reflected  from  the  surface.  The  angle 

at  which  light  strikes  an  object  is  equal  to  the  angle 

at  which  light  leaves  the  object.  49 

' 

2.  V.hen  air  is  cooled  sufficiently,  the  moisture  is 

condensed.  -1  39 

3.  Heat  may  be  transferred  by  radiation,  conduction, 

or  convection.  39 

4.  There  is  always  friction  whenever  work  is  done  and 
this  friction  produces  heat.  Rolling  friction  is 

less  than  sliding  friction.  38 

5.  Fluids  move  from  re^^ions  of  greater  pressure  to 

regions  of  less  pressure.  33 

6.  Two  balancing  forces,  motion  and  gravitation,  tend 

to  keep  the  astronomical  bodies  in  place.  32 

7.  A body  at  rest  remains  at  rest  and  a body  in  motion 

remains  -in  motion  unless  acted  on  by  some  force.  31 

8.  All  bodies  in  the  universe  attract  each  other.  This 

attraction  is  ^r^ater  between  heavier  objects  and  it 
decreases  as  the  objects  farther  apart.  30 

9.  All  living  things  must  adapt  themselves  to  the  con- 
ditions under  which  they  live  or  become  extinct.  30 

10.  Sounds  are  produced  by  vibrations  and  a re  carried 
by  solids,  liq^cids,  and  gases  that  vibrate.  VJhen 
sound  weaves  strike  an  object  they  are  reflected 

from  the  object.  26 

11.  Certain  amounts  of  light,  heat,  moisture,  Og, 

and  food  are  necessary  to  uhe  life  of  most  living 
things.  25 

12.  The  surface  of  uhe  earth  is  constantly  changing.  23 

13.  In  general,  bodies  expand  when  heated  and  conLract 

when  cooled.  23 


37 


14.  Rocks  were  made  in  3 ways:  under  water,  by 

pressure  and  friction,  and  by  heat,  20 

15.  V.lien  a solid  changes  to  a liquid,  and  a liquid 

to  a gas,  heat  is  absorbed,  and  conversely.  - 19 

16.  The  movements  of  the  solar  system  and  of  the  stars 

continue  in  regular  uniform  motion.  17 

17.  All  life  comes  from  pre-existing  life  and  reproduces 

its  own  kind;  thus  life  continues  from  age  to  age.  16 

18.  All  matter  is  either  a solid,  a liquid,  or  a gas.  16 

19.  Certain  physical  and  mental  characoerlstics  are 

inherited.  15 

20.  Different  plants  and  animals  have  different  life 

cycles.  15 

21.  Any  object  that  is  vdiolly  or  partly  immersed  in  a 

liqo.id  or  a gas,  is  held  up  by  a force  equal  to  the 
weight  of  the  liquid  or  the  gas  that  the  object  has 
displaced.  12 

22.  Vvhen  tv/o  objects  of  unequal  Vveight  are  dro^jped  from 

the  same  height  at the  same  time,  they  will  fall  at 
the  same  speed.  12 

23.  Light  travels  in  straight  lines  the  same  subs- 

Lance.  When  light  passes  from  one  kind  of  substance 

to  another,  the  rays  of  light  are  bent.  12 

24.  The  cell  is  the  unit  of  structure,  function,  and 

growth  of  all  life.  12 

25.  A great  passing  niey  have  pulled  some  of  the 

gaseous  mat erialyj  from  our  sun,  thus  forming  the 
beginning  of  our  earth,  the  planets,  and  moon.  11 
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Table  VII 

The  Twenty- Five  Principles  (out  of  the  60)  liost 
Frequently  Included  in  Ten  Textbooks  Examined 


i rinciples 


;io.  of  Books 


1.  Fluids  move  from  regions  of  greater  pressure 
to  regions  of  less  pressure. 

2.  Heat  may  be  transferred  by  radiation,  conduction, 
or  convection. 

3.  In  general,  bodies  expand  v.iien  h>  ated  and  contract 
when  cooled. 


10 

10 


4.  All  objects  in  the  universe  attract  each  other. 

This  a'ctraction  is  greater  between  heavier  objects 
and  it  decreases  as  the  objects  get  farther  apart. 

5.  Light  travels  in  straight  lines  t!.nujfj(the  same  sub- 
stance. V.hen  light  parses  from  one  kind  of  substance 
to  anoti..cr,  the  rays  of  light  are  bent. 

6.  Light  waves  are  of  different  lengths.  V.Tien  light 
strikes  an  obj.ct  some  of  'the  light  is  absorbed 
v/hile  some  is  reflected  from  the  surface.  The 
angle  at  v/hich  lig.:t  strikes  an  object  is  equal  to 
the  angle  at  which  light  leaves  the  object. 


10 


10 


10 


7.  Like  electrical  charges  repel  one  another,  unlike 
electrical  charges  ^ttracL  one  another.  Like  mag- 
netic poles  repel,  unlike  magnetic  poles  attract. 

8.  Sounds  are  produced  by  vibrations  and  are  carried 
by  solids,  liquids,  and  _ases  that  vibrate. 


10 

10 


9.  There  are  myriads  of  bacteria,  molds,  and  spores 
everywnere  which,  under  the  right  conditions  will 
multi_^jly.  hany  of  these  micro-organisms  are  the 
chief  cause  of  most  diseases. 

10.  There  is  always  friction  v;henever  work  is  done  and 
this  friction  produces  heat.  Rolling  friction  is 
less  than  sliding  friction. 


10 


10 
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Principles 

No.  of  Books 

11. 

All  matter  is  either  a solid,  a liquid,  or  a 
Gas. 

^ 

12. 

All  matter  is  made  up  of  tiny  particles  called 
molecules  and  these  molecules  are  in  constant 
motion. 

9 

13. 

Any  body  v.holly  or  partially  imruersed  in  a fluid 
is  buoyed  up  by  a force  equal  to  the  vjeight  of  the 
fluid  displaced. 

9 

1 

14. 

The  movement  of  air  against  a tilted  plane  causes 
a greater  pressure  to  be  fomed  on  the  under  sur- 
face of  the  plane. 

9 

15. 

The  cell  is  the  unit  of  structure,  function,  and 
growth  of  all  life. 

9 

16. 

The  sun  is  the  chief  source  of  energy  on  the 
earth. 

9 

• 

t — 1 

V,(hen  anything  burns,  Og  is  used  and  CO2  is  given 
off. 

9, 

• 

CO 

1 — 1 

A body  at  rest  remains  ac  rest  and  a body  in 
motion  remains  in  motion  unless  acted  upon  by  some 
external  force. 

8 

19. 

A chemical  change  is  a ch  ange  in  v/hich  a nev;  subs- 
tance is  fomed. 

6 

20. 

All  living  things  use  Og  to  change  food  into  heat 
and  into  other  forms  of  energy. 

8 

21. 

Energy  and  matter  can  neither  be  created  nor  des- 
troyed but  may  be  t:*ansf orme'd  from  one  form  to 
another . 

8 

22. 

In  fine  tubes,  liquids  capable  of  v/ettin^  the 
material  of  v.hich  the  tubes  are  made  v^ill  rise. 

8 

23. 

Law  of  Machines;  The  force  multiplied  by  the  dis- 
tance thnn^which  it  moves  is  equal  to  tae  weight 
multiplied  by  the  distance  thitij^which  it  moves. 

8 

24. 

Rocks  were  made  in  three  ways:  under  water,  by 

pressure  and  friction,  and  by  heat. 

8 

25. 

The  pressure  of  the  atmosphere  decreases  as  the 
altitude  increases,  and  increases  as  the  altitude 
decreases . 

4 

8 
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Comparison  of  Tables  VI  and  Vll  made. --These  two  sets 
of  principles  were  next  compared  to  determiine  whether  there 
were  any  principles  common  to  both  Tables  VI  and  VII. 

As  a result  of  this  preliminary  tabulation  thirteen 
principles  that  might  possibly  become  the  knowledge  ob- 
jectives of  the  junior-high- school  science  curriculum  were 
obtained.  (Table  VIII)  Those  priiiciples,  the  reader  must 
bear  in  mind,  were  determined  by  the  students'  ov/n  questions 
and  by  the  rank  accorded  whese  principles  by  10  general- 
science  textbooks. 
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The  13  Principles  Common  to  both  Tables  VI  and  VII 

1.  Fluids  move  from  regions  of  i^vea.tev  pressure  to  regions 
of  less  pressure. 

2.  Heat  may  be  transferred  by  radiaeion,  conduction,  or 
convection. 

3.  In  general,  bodies  expand  v.hen  heated  and  contract 
when  cooled. 

4.  All  objects  in  the  universe  autract  each  other.  This 
attraction  is  greater  betv/een  heavier  objects  and  it 
decreases  as  the  objects  get  farther  apart. 

5.  Light  travels  in  straight  lines  th»«f))the  same  substance. 
V.hen  light  passes  from  one  kind  of  substance  to  another 
the  rays  of  light  are  bent. 

6.  Light  waves  are  of  different  lengths.  When  light  strikes 
an  object  some  of  the  lii^ih  is  absorbed  Welle  some  is  re- 
flected from  the  surface.  The  angle  at  which  light 
strikes  an  object  is  equal  to  the  angle  at  v/hich  light 
leaves  the  object. 

7.  Sounds  are  produced  by  vibrations  and  are  carried  by 
solids,  liquids,  and  gases  that  vibrate.  When  sound  waves 
strike'  an  object  they  are  reflected  from  the  object. 

8.  There  is  always  friction  whenever  work  is  done  and  this 
friction  produces  heat.  Rolling  friction  is  less  than 


sliding  friction. 
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9.  All  matter  is  either  a solid,  a liquid,  or  a gas. 

10.  Any  body  viholly  or  partly  immersed  in  a fluid  is  buoyed 
up  by  a force  equal  to  the  Vv'eight  of  the  fluid  that  is 
displac  ed. 

11.  The  cell  isthe  unit  of  st^UGture,  function,  and  grov/th 
of  all  life. 

12.  A body  at  rest  remains  at  rest,  and  a body  in  motion, 
remains  in  motion  unless  acted  upon  by  some  external 
force. 

Rocks  were  made  in  3 v/ays:  under  water,  by  pressure 

and  friction,  and  by  heat. 
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Evaluation  of  Principles  by  In-Service  - Elementary  and  In- 
Service  -Junior -High- School  Teachers 

Ten  elementary-school  teachers  evaluate  principles . -- 
The  next  step  was  to  determine  what  the  in-service  teacher 
regarded  as  the  important  science  principles.  Therefore,  the 
sixty  principles  obtained  tby  the  survey  were  rev/ritten  in 
language  suitable  to  the  elementary -school  pupil  and  were  sent 
to  ten  in-service  elementary- school  teachers  for  evaluation. 
(See  Appendix  for  form  sent  to  these  teachers)  Four  sixth- 
grade  teachers,  one  fifth- grade  teacher,  one  fourth-grade 
teacher,  o'ne  third- grade  teacher,  one  second-grade  teacher,  and 
two.  first-grade  teachers  responded. 

These  teachers  were,  in  the  writer’s  opinion,  a represen- 
tative cross  section  of  elementary  grade  teachers.  Three  of 
the  ten  teachers  are  nov;  working  for  educational  degress  while 
theother  seven  have  had  at  least  ten  years  teaching  experience. 

These  teachers  were  urged  to  check  the  principles  they 
considered  important  enough  to  be  taught  in  the  elementary 
school.  They  were  also  urged  to  state  the  grade  in  vi^hich  eaph 
important  principle  might  best  be  taught.  The  teachers  'were 
encouraged  to  restate  at  the  end  of  the  questionnaire  all 
principles  that  might  better  be  stated  in  another  way  at  the 
elementary- school  level. 
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They  were  also , encouraged  to  add  any  important  principles 
that  were  not  Included  in  the  original  sixty  principles. 

Only  one  teacher  attempted  to  state  an  additional 
principle.  It  was--'* All  living  things  eat,  protect  themselve§ 
and  reproduce." 

The  w^riter  recognizes  this  to  be  an  important  generaliza- 
tion, but  feels  that  this  statement  has  been  fully  covered 
by  principles  3,  14,  and  34  in  the  questionnaire. 

No  teacher  attempted  to  restate  any  principle. 

The  results  of  the  survey  are  given  in  Table  IX.  This 
table  shows  that  tea*chers  are  not  certain  at  what  grade  level 
a particular  principle  should  be  taught.  Neither  is  there  a 
clear  understanding  as  to  v/hat  principles  are  important  enough 
to  be  taught  at  the  elementary  level. 

For  example,  principle  no.  6 "All  living  things  need  air 
in  order  to  live"  was  considered  important  by  all  ten  teachers 
However,  one  teacher  did  not  indicate  at  what  grade  level  it 
should  be  taught.  Pour  teachers  believed  it  should  be  i.aught 
in  grade  1,  two  teachers  thought  it  should  be  taught  in  grade 
2,  one  teacher  thought  it  should  b e tau^.ht  in  grade  3,  and 
two  teachers  thought  it  should  be  taught  in  grade  4. 
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Table  IX  (See  Appendix  for  actual  statement 
of  principles  sent  to  teachers.) 


Grade  Placement  of  the  60  Principles  by  10  Elementary^ 

School  Teachers 


Frequency- 

Grade 

Principles 

I 

II 

III 

IV 

V 

VI 

1 — i 
-P 

o 

1 

1 

O' 

2 

6 

2 

1 

2 

3 

2 

8 

3 

1 

3 

2 

1 

2 

' 

- 9 

4 

• 

1 

1 

2 

5 

• 

2 

2 

2^ 

2 

8 

6 

4 

2 

1 

2 

9 

7 

2 

2 

5 

9 

8 

4 

4 

9 

4 

4 

10 

1 

3 

4 

11 

2 

5 

7 

12 

1 

1 

13 

3 

2 

3 

,8 

14 

1 

1 

2 

2 

3 

9 

15 

1 

2 

3 

16 
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1 

17 

1 

3 

4 

18 

- 

2 

2 

46 


Frequency 

-Grade 

f 

Principles 

I II 

III 

IV 

V 

VI 

Total 

19 

1 

1 

2 

20 

4 . 

c; 

KJ 

9 

21 

3 

1 

3 

7 

22 

2 

2 

2 

6 

23 
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1 

1 

1 

4 

24 

2 

3 

2 

7 

25 

1 

3 

2 

6 

26 

1 

3 

4 

27 

2 1 

2 

3 

1 

1 

10 

28 

1 

1 

- 29 

1 

1 

7 

9 

30 

1 

3 

3 

7 

31 

2 

3 

5 

32 

2 

4 

6 1 

33 

1 

4 

4 

9 1 

34 

6 

2 

1 

1 

10 

35 

1 

1 

36 

3 

3 

37 

1 

. 1 

38 

1 

1 

2 

4 

39 

1 

3 

4 

8 

40 

1 

3 

3 

7 

41 

2 

6 

2 

10 

42 

2 

2 

43 

? 

3 

3 

44 

1 

1 

1 

3 

47 


Frequency 

-Grade 

- 

Principles' 

I 

II 

III 

IV 

V 

VI 

F 

Total 

45 

1 

2 

3 

1 

2 

1 

10 

46 

1 

1 

3 

5, 

47 

1 

6 

7 

48 

3 

1 

4 

1 

9 

49 

2 

1 

3 

2 

8 

50 

2 

2 

4 

51 

3 

1 

1 

6 

52 

- 

1 

3 

2 

1 

7 

53 

1 

3 

1 

2 

1 

8 

54 

3 

3 

6 

,55 

2 

3 

1 

2 

8 

56 

1 

1 

1 

3 

57 

1 

1 

3 

5 

58 

1 

1 

1 

3 

59 

1 

2 

1 

3 ; 

60 

1 

1 

2 

4 

2 

lo  ! 

Totel 

n 

"17"  ■ 

40 

75 

86 

"TI5 
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However,  a list  of  the  statements  receiving  checks 
by  at  least  eight  of  the  ten  teachers  is  given  in  Table  X. 
Those  statements  appearing  on  Tables  VI  and  VII,  also,  are 
checked  on  the  right.  It  is  interesting  to  note,  at  this 
point,  that  fifteen  out  of  these  twenty  principles  appeared 
on  Tables  VI  and  VII  above,  (Note  checks  on  right  of 
principles  in  Table  X.) 

Table  X 

Science  Principles  Considered  Important  Enough  to  be  Taught 
In  the  Elementary  School  by  at  Least  8 out  of  10  Elementary- 


School  Teachers 


^ • 

Principles 

•P  of  checks 

1. 

Nev/  plants  grow  from  the  seeds  of  older 
plants.  Baby  animals  are  born  to  parent 
animals . 

10 

2. 

All  living  things  need  air  in  order  to 
live . 

10 

3. 

Machines  make  work  easier.  - 

10 

4. 

Plants  and  animals  have  many  natural  ways 
of  protecting  themselves. 

10 

5. 

The  surface  of  the  earth  is  constantly 
changing. 

10 

6. 

Germs  are  found  everywhere  and  are  the  chlei 
cause  of  disease. 

1 

10 

7. 

The  sun  is  the  chief  source  of  energy  to  th« 
Earth. 

8. 

All  living  things  must  adapt  themselves  to 
their  surroundings. 

9 
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Principles 

F of  checks 

9. 

All  matter  is  either  a solid,  a liquid, 
or  a gas. 

9 

u- 

10. 

Certain  amounts  of  light,  heat,  water,  air, 
and  food  are  needed  for  the  life  of  most 
living  things. 

9 

1 

■11. 

All  t-ings  have  weight  and  take  up  room. 

9 

1 

1 

1 

12, 

Gravity  is  a force  which  pulls  everything 
tov/ard  the  center  of  the  earth. 

9 

i 

1 

13. 

Plants  and  animals  depend  on  one  another  in 
order  to  live. 

9 

t 

14. 

Water  dissolves  many  things. 

9 

15. 

Charcoal  is  formed  when  wood  burns.  (A 
chemical  change.) 

8 

16. 

Unequal  air  pressure  causes  winds. 

8 

17. 

The  movements  of  the  solar  system  and  stars 
are  regular. 

8 

18. 

When  air  is  cooled  enough,  the  water  vapor 
in  it  condenses. 

8 

19. 

When  light  strikes  an  object,  a shadow  is 
formed  behind  the  object. 

8 

20. 

All  things  that  burn  need  air. 

8 

A 
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These  tv;enty  principles  might  help  to  produce  the 
JLnowledge  objectives  of  the  elementary- school- science  course; 

Six  junior-hirh -school  teachers  evaluate  principles . 

In  order  to  determine  v/hat  principles  were  considered  important 
by  inaervice - junior-high- school  teachers,  the  list  of  sixty 

principles  was  rewritten  in  junior-hlgh-s chool  language  y 
and  presented  to  ten  junior.  high_ s chool  science  teachers  for 

evaluation. 

All  of  these  teachers  were  either  working  for  educational 
degrees  or  had  already  received  them.  Thus,  they  were  an 
average  group  of  junior- high-school  teachers. 

This  questionnaire,  just  as  the  one  sent  to  the 
elementary-grade  teachers,  asked  the  teaCi..ers  to  check  those 
principles  which  they  considered  important  enough  to  be  taught 
in  the  junior  high  school.  They  were  asked  to  specify  the 
grade  level  at  which  these  important  principles  might  best  be 
taught.  They  were  encouraged  to  restate  any  principles  'which 
might  better  be  stated  in  another  v/ay;  and  they  w'ere  also 
urged  to  add  any  important  principles  that  had  been  omitted. 

Only  six  out  of  the  ten  teachers  receiving  this 
questionnaire  respond (^d  to  it.  Consequently  the  results  of 
this  study  were  limited  to  six  opinions  rather  than  ten. 


^See  Appendix  for  sample  copy  of  Questionnaire^  sent  to 
Junior-High-School  teachers. 
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Only  one  teacher  attempted  to  state  any  additional 
principles.  Two  of  these  three  principles  were  so  good  that 
the  v/rlter  has  incorporated  them,  in  her  own  words,  in  her 
last  chapter.^  This  same  teacher,  restated  the  writer's 
principles  on  transfer  of  energy  and  production  of  electricity, 
but  the  w^riter  maintains  that  her  own  statement  of  these  prin- 
ciples is  more  simxjlified. 

The  results  of  the  survey  are  given  in  Table  XI.  This 
table  shows  that  junior -high-school  teachers  are  not  certain 
at  what  grade  level  a particular  principle  should  be  taught. 
Kov^ever,  it  does  show  that  at  this  level,  those  teachers  who 
resjjonded  , seem  to  have  a fairly  good  idea  as  to  what  prin- 
ciples are  Important  enough  to  be  taught  at  the  junior— high- 
school  level. 


T/rHeTr  3 principles  are  stated  below  in  the  words  of  the 
junior -high- school  teacher. 

»• 

a.  The  environment  causes  changes  in  living ^things , and  living 
things  cause  changes  in  the  environment. 

V 

b.  Green  plants,  using  the  energy  of  sunshine,  make  food  out 
of  water  and  carbon  dioxide. 

c.  '*The  earth  is  a part  of  the  solar  system  and  the  solar  system 

is  a very  small  part  of  a universe  whose  limits  are  not  yet 
known. ” 
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Table  XI 
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Grade  Placement  of  the  60  principles  by  6 Junior- High- 

School  Teachers 


Frequency- 

Grade 

Principles 

VII 

VIII 

IX 

Total 

F 

1. 

2 

1 

2 

5 

2. 

3 

1 

2 

6 

3. 

1 

3 

4 

4. 

2 

2 

4 

5. 

1 

3 

2 

6 

6 . 

1 

3 

2 

6 

7. 

4 

2 

6 

8. 

3 

2 

1 

6 

9. 

3 

1 

X 

6 

• 

o 
1 — 1 

1 

1 

4 

6 

11. 

2 

4 

6 i 

12. 

1 

1 

2 

13. 

3 

2 

i ' 5 

• 

1 — 1 

3 

2 

1 

6 

15. 

, . 1 

3 

4 

i 

16. 

1 

■ 

1 

2 1 

17. 

3 

1 

2 

6 '] 

18. 

1 

5 

6 

19. 

2 

1 

2 

5 

20. 

4 

1 

1 

6 

V ^ 


^ ... 


"IgL.:- u - ^ .li  ..*‘i‘j 


■ji.  ^ 


D L?‘  ^ 


c-iou.'\8oT  X--0.'.'c2 


Fr 

equency- 

Grade 

Principles 

VII 

VIII 

IX 

F 

Total 

21.  ■ 

4 

1 

1 

6 

k 

22. 

5 

1 

6 

r 

e 

23. 

3 

3 

6 

24  . 

4 

2 

6 

25. 

1 

3 

4 

26. 

2 

2 

2 

6 

27. 

4 

4 

28 

0 

29. 

1 

4 

1 

6 

30. 

1 

5 

6 

31. 

1 

5 

6 

32. 

1 

2 

3 

6 

33. 

3 

3 

* 

6 

34. 

2 

2 

1 

5 

35. 

1 

1 

2 

36. 

3 

1 

2 

6 

37. 

1 

3 

4 

38. 

3 

3 

6 

39  . 

1 

4 

1 

6 

40. 

1 

1 

2 

4 

• 

1 — 1 

2 

4 

6 

42. 

2 

1 

3 V 

43. 

2 

1 

3 

44. 

2 

2 

2 

6 

45 

3 

2 

1 

6 

■,V. 

. "v 

. 'll 


\ ■ . 


[j--  .,_~  — 


;» 

!' 


I . 

ii 


3 . 


1 


3 


■3 


c 


3 


r 


.-.3 


\j 


r ' 


' Y * 
..  ^ -i 
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>-a 
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Frequency-- 

Grade 

Principles 

VII 

VIII 

IX 

F 

Total  1 

46. 

0 

4 

2 

'1 

1 

6 * 
I 

E 

47. 

2 

4 

6 

48. 

3 ■ 

3 

6 

49. 

3 

2 

1 

6 

50. 

2 

4 

6 ‘ 

51. 

2 

1 

3 

6 

52. 

1 

2 

9 

4 

53. 

2 

- 

3 

5 

54. 

2 

4 

1 

6 

55. 

3 

2 

1 

1 

6 

56. 

3 

2 

c; 

57. 

3 

1 

2 

6 

58. 

1 

3 

4 

59. 

2 

3 

1^ 

6 

60.  ' 

2 

3 

1 

6 

' 

Table  XI 

The  writer  felt  that,  since  only  six  teachers  had  evaluated 

these  statements,  those  principles  deemed  most  Important  by  five 

out  of  the  six  junlor-hl^h  -school  teachers  responding,  might  help 

to  produce  the  knowledge  objectives  of  the  junior— high-school 

science  course  A list  of  the  statements  receiving  checks  by  at 

least  five  out  of  six  teachers  are  given  in  Table  XII.  Those 

statements  appearing  in  Tables  VI  and  VII,  also,  are  checked 
on  the  right. 
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Table  XII 

The  Science  Principles  Considered  Important  Enough  to  be 
Taught  in  the  Junior  High  School  by  5 out  of  6 Junior^High- 

School  Teachers 


_F 

1.  A chemical  change  is  a change  in  which  a new 

substance  is  formed.  6 

2.  All  living  things  must  adapt  themselves  to  the 
conditions  under  v.hich  they  live,  or  become  extinct.  6 

3.  All  living  things  use  O2  to  change  food  into  heat 

and  into  other  forms  of  energy.  6 

4.  All  matter  is  either  a solid,  a liquid,  or  a gas.  6 

5.  All  matter  is  made  up  of  tiny  particles  called  mole- 
cules, and  these  molecules  are  in  constant  motion.  6 

6.  All  substances  have  their  own  specific  boiling 

point,  freezing  point,  and  kindling  temperature.  6 

7.  An  electrical  current  canbe  produced  by  friction, 

chemical  change,  or  by  use  of  magnets.  6 

8.  Any  object  that  is  v/holly  or  partly  immersed  in  a 

liquid  or  a gas  is  held  up  by  a force  that  is  equal 
to  the  weight  of  the  liquid  or  the  gas  that  the  ob- 
ject has  displaced.  6 

9.  Certain  amounts  of  light,  heat,  moisture,  oxygen, 

and  food  are  necessary  to  the  life  of  most  living 
things.  6 

10.  Energy  and  matter  can  neither  be  created  nor  des- 
troyed but  can  be  changed  from  one  form  to  another.  6 

11.  Energy  may  be  carried  from  place  to  place  by  means 

of  v«^ave  motions.  6 

12.  Every  body  has  weight  and  occupies  space.  6 


I — 


V 
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13.  Fluids  move  from  regions  of  greater  pressure  to 

regions  of  less  pressure.  6 

14.  Heat  may  be  transferred  by  radiation,  conduction, 

or  convection.  V;henever  two  things  having  different 
temperatures  are  in  contact,  the  warmer  one  gives 
some  of  its  heat  energy  to  the  colder  one. 

15.  In  fine  tubes,  liquids  capable  of  wetting  the 
material  of  which  the  tubes  are  made  will  rise. 

16.  In  general,  solids,  liquids,  and  gases  expand  when 
heated  and  contract  when  cooled. 


6 ^ 
6 ^ 

6 ^ 


17.  Yihen  two  objects  of  unequal  weight  are  dropped 
from  the  same  height  at  the  same  time,  they  will 
both  fall  at  the  same  rate  of  speed. 

18.  All  objects  in  the  universe  attract  one  another. 
This  attraction  is  greater  betv/een  heavier  objects 
and  it  decreases  as  the  objects  get  farther  apart. 
Since  the  earth  is  much  larger  than  the  objects  on 
them,  it  pulls  all  objects  on  its  surface  towards 
its  center. 

19.  Light  travels  in  straight  lines  tKcMfkthe  same  sub- 
stance. V/hen  light  passes  from  one  kind  of  sub- 
stance to  anoti.er,  the  rays  of  light  are  bent. 

20.  Light  vi/aves  are  of  different  lengths.  When  light 
strikes  an  object  some  of  the  light  is  absorbed 
while  some  is  reflected  from  the  surface.  The 
angle  at  which  light  strikes  an  object  is  equal  to 
the  angle  at  which  light  leaves  the  object. 

21.  Like  electrical  charges  repel  one  another,  unlike 
electrical  charges  attract  one  another.  Like  mag- 
netic poles  repel,  unlike  magnetic  poles  attract. 

22.  Plants  and  animals  depend  on  one  another  in  order 
to ' live. 


6 ^ 


6 


6 !■ — 

6 


23.  Sounds  are  produced  by  vibrations  and  are  carried 

by  solids,  liquids,  and  gases  that  vibrate.  6 

24.  All  living  things  ai^e  made  up  of  very  small  units 
called  cells^ and  these  cells  have  the  power  to  grow 
and  to  repair  themselves. 


6 


w ^ -i,‘ 

1 
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25.  The  movements  of  the  solar  system  and  of  the  stars 
continue  in  regular  uniform  motion. 

26.  The  surface  of  the  earth  is  constantly  changing. 

27.  There  is  always  friction  whenever  work  is  done  and 
t'nis  friction  produces  heat.  Rolling  friction  is 
less  than  sliding  friction. 

26.  There  are  millions  and  millions  of  bacteria,  molds, 
and  spores  everywhere,  which  under  the  right  con- 
ditions will  multiply.  Many  of  these  organisms 
cause  diseases. 


6 

6 


6 ^ 


29.  A great  passing  star  may  have  pulled  some  of  the 
gaseous  material  away  from  our  sun,  thus  forming 
the  beginning  of  our  Earth. 

30.  Two  balancing  forces,  motion  and  gravitation^ tend 
to  keep  the  heavenly  bodies  in  place. 

31.  TiVater  is  a universal  solvent. 

32.  \1hen  a gas  is  compressed  it  heats  up;  v;hen  a gas 
expands  it  cools.  V,hen  air  is  pooled  sufficiently, 
the  moisture  in  it  is  condensed. 


33.  Vjhen  a current  of  electricity  is  passed  titurough  a 
wire,  a magnetic  field  is  formed  around  the  v;ire. 
When  a coil  of  wire  is  made  to  revolve  under  a mag- 
net, a current  of  electricity  begins  to  flow  in  the 
wire . 

34.  When  a solid  changes  to  a liquid,  and  a liquid  to 
a gas,  heat  is  taken  in,  and  when  a gas  changes  to 
a liquid,  and  a liquid  to  a solid,  heat  is  given 
out . 


35.  All  rocks  were  formed  either  by  heat,  by  heat  plus 
pressure,  or  by  deposits  of  sediment  in  water. 

36.  When  anything  burns.  Op  is  used  and  CO2  is  given 
off. 


37.  The  pressure  of  water  increases  with  its  depth. 

38.  The  pressure  of  the  atmosphere  decreases  as  the 
altitude  increases,  and  increases  as  the  altitude 
decreases . 


6 


6 
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39.  The  sun  is  the  chief  source  of  energy  to  the  Earth.  6 

40.  Anything  that  is  not  moving  does  not' move  until  some- 

thiag  starts  it  moving.  Anything  that  is  moving  Vvill 
continue  moving  in  the  same  direction  unless  something 
stops  it,  or  changes  its  direction,  or  its  speed.  5 

41.  The  movement  of  air  against  a tilted  plane  causes  a 
greater  pressure  to  be  formed  on  the  under  surface 

of  the  plane.  5 

42.  Equal  forceil  tend' to  balance  one  another.  5 

43.  Protective  adaptations  are  an  aid  to  survival.  5 

44.  Vt/hen  light  strikes  an  object,  a smdow  is  formed 

behind  the  object.  5 

45.  Different  planes  and  animals  have  different  life 

cycles.  5 
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Chapter  III 

Conclusions  and  Reconiniendations 
Facts  Pointed  Out  Ey  This  Research 


The  v/riter  feels  that  this  research  has  served  to  point 

out  the  follovvlng  facts: 

1.  Many  typical  secondary-school  s tudents  have  not  full^^- 
understood  some  of  the  most  important  principles  in  science. 

2.  Certain  basic  generalizations  must  be  mastered  by  all 
students  in  order  that  they  might  be  better  prepared  to 
solve  the  many  common  problems  of  their  environment. 

3.  Lost  textbooks  do  give  some  space  to  most  of the  important 
principles  in  science,  but  most  of  these  same  textbooks 
either  do  not  state  these  implied  concepts,  or  if  they  do 
state  them,  do  not  do  sc  in  clear  and  concise  language 
suitable  to  the  junior-high- school  student. V 

4.  Ten  typical  elementary-school  teachers  vi/sre  only  in  partial 
agreement  as  to  what  constituted  the  important  science  con- 
cepts at  the  elementary  level. 

5.  Six  typical  junior,  high- s ^hool  teachers  did  seem  to  agree 
on  the  important  science  concepts  that  should  be  taught 
in  the  junior- high- s chool  science  course. 

6.  There  is  very  little  agreement  among  either  these  ten 
element  ary- s chool  teachers  or  these  six  junior- hi gh-s  chool 
teachers  as  to  the  grade  level  at  which  a particular  prin- 
ciple should  be  taught. 

7.  A list  of  twenty  science  generalizations  deemed  important 
by  eight  out  of  ten  element ary -school  teachers  has  been 

established. 

8.  A list  of  forty-five  science  generalizations  deemed  Important 
by  five  out  of  six  junior- high- school  teachers  has  been 
established. 


I/tHT  v/riter  feels  that  Francis  D.  Curtis  and  Otis  Caldwell’s 
’’Everyday  Science”  states  some  of  the  science  concepts  in  clear 
and  concise  language. 
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Limitations  of  Research 

The  viriter  feels  that  this  research  has  the  follov/ing 
limitations: 

1.  The  nimiber  of  questions  asked  by  the  students  v/as 
relatively  small  as  compared  to  the  number  of  students  in- 
volved, Thus  the  number  of  principles  found  underlying 
the  questions  was  limited  in  scope. 

2.  The  number  of  elementary  and  junior- high- s chool  teachers 
used  as  evaluators  of  these  principles  v/as  relatively  small. 
Thus  the  resulting  important  principles  obtained  from  a 
tabulation  of  the  responses  of  these  teachers  v/as  limited 

to  the  opinions  of  sixteen  individuals, 

3.  The  writer  has  no  way  of  knowing  v/hether  the  teachers 
evaluating  the  principles  were  Influenced  in  their  checking 
by  the  statements  appearing  on  the  questionnaire.  Thus, 
the  writer  has  no  way  of  knowing  wr^ether  those  statements 
checked  are  actually  the  knowledge  objectives  of  these 
elementary  and  junior-high- school  teachers. 

4.  The  formulation  of  ;the  original  sixty  principles  and  of  / 

the  restatement  of"  these  principles,  as  well  as  the  examlna-  | 
tion  of  ten  textbooks,  has  been  the  work  of  one  indivldual- 
the  writer — and  is  consequently  limited  to  her  analysis 

only. 

. Opinions  of  Writer 

Having  pointed  out  both  the  strong  points  and  the  weak- 
nesses of  this  research,  the  writer  now  wishes  to  voice  a few 
opinions  based  on  her  readings  and  on  her  research  work. 

1.  Teachers  of  general  science  must  come  to  a complete  agreement 
as  to  the  knowledge  objectives  of  the  science  curriculum 

or  their  teaching  will  just  constitute  an  aimless  memorization, 
by  the  student,  of  isolated  facts. 

2.  Researchers,  curriculum  builders,  and  textbook#  writers  must 
assume  the  responsibility  of  stating  simply,  clearly,  and 
concisely  the  science  generalizations  which  seem  most  im- 
portant to  them  until  such  time  as  a general  agreement,  as 
to  the  basic  principles , is  reached. 
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A Recornm ended  Set  oT  Basic  Science  Principles 

The  v;riter  feels,  further,  that  as  a result  of  her 
readings  and  research  she  now  feels  able  to  present  a suggested 
list  of  the  important  science  principles.  Therefore,  the  writer 
offers  the  following  recommendations  in  the  hope  that  the  reader 
will  give  them  due  thought  and  will  then  react  by  starting  im- 
mediately to  improve  upon  those  principles  stated  below  or  by 
rejecting  them  and  presenting  a better  set  in  their  stead. 

First,  the  writer  would  point  out  that  a general- science 
course  should  not  assume  the  responsibility  of  the  biology, 
chemistry,  physics,  physiology,  or  geology  course,  and  should, 
therefore,  not  attempt  to  teach  the  more  difficult  principles 
in  their  entirety. 

Second,  the  v/riter  believes  that  just  as  all  mathematics 
depends  upon  the  four  fundamental  processes--addition,  subtraction, 
multiplication,  and  division, --so  all  science  depends  largely 
upon  a few  such  fundamental  generalizations.  These  must  become 
the  primary  knowledge  objectives  of  the  general- science  course. 

Third,  the  writer  feels  that  there  are  other  important 
science  principles  that  should  be  taught  in  the  general- sclenc  e 
course,  and- these  should  become  the  secondary  knowledge  objectives 
of  the  general- science  course.  The  v/riter  would  divide  this 
latter  group  into  t wo  subdivisions,  viz:  (a)  those  principles 
that  could  be  almost  completely  developed  at  the  junior,  high- 
school  level,  and  (b)  those  principles  that  could  not  be  com- 
pletely developed  at  this  level. 
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Fourth,  the  v/rlter  feels  that  there  are  still  other  less 
important  principles  in  science  that  might  also  be  taught  pro- 
viding all  the  primary  and  secondary  knowledge  objectives  of 
science  have  first  been  completely  understood  and  mastered. 

The  Primary  Knowledge  Ob jecti ves . --With  these  four  ideas 
in  mind,’  the  writer  now  presents  the  thirty  principles,  which 
to  her  mind,  represent  the  foundation  blocks  upon  v/hich  all 
future  science  learning  depends. 

1.  Anything  that  is  not  moving  does  not  move  until  something 
starts  it  moving.  Anything  that  is  moving  will  continue 
moving  in  the  same  direction  unless  something  stops  it,  or 
changes  its  direction,  or  its  speed.  (R) 

2.  All  living  things  must  adapt  themselves  to  the  conditions 
under  which  they  live,  or  move  to  another  place,  or  die  out. 

3.  All  matter  is  either  a solid,  a liquid,  or  a gas;  all  matter 
has  weight  and  occupies  space. 

4.  Most  plants  and  animals  need  certain  amouts  of  air,  food, 
moisture,  light,  and  heat  in  order  to  live  and  grov/  properly. 

5.  The  total  amount  of  energy  and  matter  in  the  world  always 
remains  the  same.  However,  this  matter  and  this  energy  can 
be  changed  from  one  form  to  another,  (R) 

6.  Liquids  and  gases  move  from  places  of  greater  pressure  to 
places  of  less  pressure, 

7.  Anything  villi  float  if  its  weight  is  less  than  the  weight 
of  the  liquid  or  the  gas  it  displaces.  Anything  will  sink 
if  its  weight  is  greater  than  the  weight  of  the  liquid  or 
the  gas  it  displaces.  A liquid  or  a gas  will  hold  up  any 
object  by  a force  equal  to  the  v;eight  of  the  liquid  or  the 

gas  the  object  displaced.  (R) 

8.  Heat  can  be  carried  from  place  to  place  by  radiation,  con- 

duction, or  convection.  Whenever  two  things  having  different 
temperatures  are  in  contact,  the  vt^armer  one  gives  some  of  its 
heat  energy  to  the  colder  one.  Things  that  heat  up  quickly, 
cool  off  quickly;  things  that  heat  up  slowly,  cool  off  slowly.  (R 
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9.  In  general,  solids,  liquids,  and  gases  expand  when  heated 
and  contract  when  cooled.  * 

10.  All  objects  in  the  universe  attract  one  another.  This 
attraction  is  £,reater  between  heavier  objects  and  it  de- 
creases as  the  objects  get  further  apart.  Since  the  earth 
is  much  larger  than;:  the  objects  on  it,  it  pulls  all  objects 
on  its  surface  toward  its  center.  (R) 

11.  Light  travels  in  straight  lines  thaiYitthe  same  substance. 

V.hen  light  passes  from  one  kind  of  substance  to  another, 
the  rays  of  light  are  bent.  (R) 

12.  When  light  falls  on  an  object,  some  of  the  light  is  ab- 
sorbed and  some  is  reflected.  Objects  are  seen  by  reflected 
light.  Any  object  is  the  color  of  the  light  it  reflects.  (R) 

13.  Like  electrical  charges  repel  one  another,  unlike  electrical 
charges  attract  one  another.  Like  magnetic  poles  repel, 
unlike  rjagnetic  poles  attract. 

14.  Sounds  are  produced  by  vibrations  and  are  carried  by 
solids,  liquids,  and  ^ases  that  vibrate. 

15.  All  living  things  are  made  up  of  very  small  units  called 
cells  and  these  cells  have  the  power  to  grow  and  to  repair 
themselves . 

17.  There  are  millions  and  millions  of  bacteria,  molds,  and 
spores  everyv/here,  ..hich  under  the  right  conditions  will 
multiply.  Many  of  these  organisms  cause  diseases. 

16.  The  surface  of  the  earth  is  constantly  changing. 

16.  Lqual  forces  tend  to  balance  one  another.  Two  balancing 
forces,  motion  and  gra.itation,  tend  to  keep  the  heavenly 
bodies  in  place.  (R) 

19.  Any  object  that  is  ”top  heavy”  tends  to  fall  over.  An 

object  will  not  fall  over  if  most  of  its  wei,^ht  needs  to 
be  raised  to  tip  it  over.  (R) 

20.  The  pressure  of  water  increases  with  its  depth,  regardless 
of  the  shape  of  the  container.  (R) 

21.  Vilienever  anything  moves  or  is  moved,  friction  is  produced. 

This  friction,  or  rubbing^ produces  heat. 

22.  V/hen  a gas  is^  compressed  it  heats  up;  when  a gas  expands  it 
cools.  When  air  is  cooled  enough,  the  moisture  in  1 t con- 
dense s . 
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23.  A well  balanced  diet  is  necessary  for  maximum  health. 

24.  Green  plants  are  the  only  living  things  that  make  their  own 
food.  The  green  plant  is  the  source  of  all  food  to  other 
plants  and  to  all  animals.  (R) 

25.  An  electrical  cu  rent  is  a flow  of  electrons  and  rnaj^  be 
produced  by  friction,  by  chemical  action,  or- by  use  of 
magnets.  ' (R) 

26.  By  adding  heat  a solid  can  be  changed  to  a liquid  and  then 
to  a gas.  By  taking  heat  av;ay,  or  by  cooling,  a gas  can 
be  changed  to  a liquid  anathen  to  a solid.  (R) 

27.  The  amount  of  work  a machine  does  is  always  the  same  as 
the  amount  of  work  put  into  uhe  machine,  if  friction  is 

disregarded.  Thus,  FD  2 ViD*  (R) 

28.  The  sun  is  ttie  chief  source  of  energy  to  the  earth. 

29.  The  m.ovement  of  sir  against  a tilted  plane,  causes  a greater 
pressure  to  be  formed  on  the  under  surface  of  the  plane.  (R) 

30.  Vvlien  a current  of  electricity  is  passed  tha  .fi>a  wire,  a 
magnetic  field  is  formed  around  the  wire;  when  a wire  is 
made  to  rotate  under  a magnet,  a current  of  electricity 
begins  to  flow  in  the  wire.  (R) 

The  reader  will  note  the  capital  (R)  that  has  been 
placed  after  many  of  these  statements.  Thos e . concepts  can  not 
be  fully  developed  at  this  level  and  will,  undoubtedly,  be  re- 
stated in  a more  complete  formi  if  the  student  continues  his 
study  of  science.  However,  those  concepts  are  so  fundamentally 
important  that  the  student  needs  to  understand  tham  at  his  own 
level  of  maturity. 

The  reader  will  also  notice  that  with  but  one 
exception  the  above  generalizations  are  stated  in  very  simple 
language,  and  therefore  are  suitable  as  (pupil)  knowledge  ob- 
jectives of  the  junior- high- s chool  science  curriculum.  The  one 
exception  is  the  law  of  machines,  and  the  writer  believes  this 
i^rinciple  tobe  so  im.portant  that  it  should  be  taught  not  only 
in  the  form  of  a statement,  but  also  as  a simple, algebraic  for- 
mula. Of  course,  many  practical  examples  of  this  law'  should 
be  worked  out  in  class  to  make  the  law  meaningful  to  the  student. 

The  Secondary  Knowledge  Objectives . --The  writer  now- 
turns  to  the  science  generalizations  which,  in  her  opinion,  are 
important  enough  to  be  considered  as  secondary  knowledge  objectives 
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of  the  scienop  course.  Perhaps  some  of  these  principles  v/ill 
seem  to  the  reader  to  be  implied  in  the  statements  above.  The 
writer  acknowledges  that  to  b e the  case  in  a few  instances,  but 
feels  that  a restatement  of  a principle  from  a slightly  different 
angle  is  advantageous  many  times. 

Belov/  are  the  know^ledge  objectives  re.commended  as  the 
ones  suitable  to  be  almost  completely  developed  at  the  junior- 
high-  school  level. 

1.  All  living  things  use  O2  to  change  food  into  heat  and  into 
other  forms  of  energy. 

2.  In  fine  tubes,  liquids  capable  of  wetting  the  material  of 
which  the  tubes  are  made,  will  rise. 

3.  Gases  burn  v/ith  a flame,  solids  burn  with  a glow. 

4.  Extreme  heat  kills  germs. 

5.  Rocks  are  constantly  being  formed  into  soils,  and  soils  are 
slowly  being  formed  into  rocks. 

6.  Healthful  air  is  cool,  clean,  moist,  and  in  motion. 

7.  Plants  and  animals  depend  on  one  another  in  order  to  live. 

8.  Protective  adaptations  are  an  aid  to  survival. 

9.  Our  earth  and  its  moon,  and  the  other  planets  and  their  moons, 
might  have  been  part  of  our  sun  millions  and  millions  of 
years  ago. 

10.  V«ater  is  a universal  solvent. 

11.  All  rocks  were  formed  by  heat,  by  heat  plus  pressure,  or  by 
deposits  of  sediment  in  water. 

12.  Different  plants  and  animals  have  different  life  cycles. 

13.  The  pressure  of  the  atmosphere  Increases  as  the  altitude  de- 
creases, and  decreases  as  the  altitude  increases. 
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More  Difficult  Principles  Simplified* --Belov/  are  stated 
the  simplified  generalizations  of  the  mere  difficult  principles 
that  should  receive  further  emphasis  and  a restatement  in  a more 
complete  form  in  the  specialized  fields  of  science. 

1.  A chemical  change  is  a change  in  v;hich  a new  substance 
is  formed.  A physical  change  is  a change  in  which 

no  new  substance  is  formed. 

2.  All  life  comes  from  former  life  and  reproduces  its 
own  kind;  thus  life  continues  from  age  to  age. 

3.  Living  things  as  w e know  them  have  come  about  as  the 
result  of  gradual  changes  in  their  ancestors. 

4.  All  matter  is  made  up  of  tiny  particles  called  mole- 

cules and  these  molecules  are  in  constant  motion. 

. 5.  All  substances  have  their  own  specific  tolling  point, 

freezing  point,  and  kindling  t emperat,ure . 

6.  Certain  physical  and  mental  characteristics  are 
inherited. 

7.  Heat,  light,  and  sound  energy  can b e transferred  by 
means  of  wave  motions. 

8.  In  general,  those  things  that  carry  energy  v/aves  have 
the  ability  to  return  to  their  original  shape  after 
being  disturbed. 

9.  If  two  objects  of  different  weights  are  dropped  from 
the  same  height  at  the  same  time,  they  v;ill  both 
touch  ground  at  the  same  time.  The  speed  of  these 
falling  objects  v/ill  tend  to  increase  each  second. 

10.  The  present  is  the  Key  to  the  past.  The  past  is 
revealed  by  fossils. 

11.  V-Tien  a solute  is  added  to  a solvent,  the  boiling 

point  is  raised  and  the  freezing  point  is  lov/ered. 

12.  'then  light  strikes  an  object,  a shadov/  is  formed 
behind  the  object. 

13.  Vvhen  anything  burns,  O2  is  used  and  CO2  is  given  off. 

14.  Gases  exert  pressure^  in  all  directions  equally. 
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15.  Matter  may  be  classified  as  elements,  compounds,  or 

mixtures . 

16.  Heat  is  produced  by  chemical  change,  friction,  and 

electric  current. 

17.  The  intensity  of  light  decreases  with  the  distance 
from  the  source. 

18.  The  angle  at  which  light  strikes  an  object  is  equal 
to  the  angle  at  which  light  leaves  the  object. 

-19.  In  general,  the  number  of  plants  and  animals  on  the 
earth  is  controlled  by  nature.  Man  has  sometimes 
upset  this  balance  of  nature. 

20.  There  are  living  things  everywhere  on  the  surface 
of  the  earth. 

21.  Substances  that  are  poor  conductors  of  heat  make  good 
insulators.  Substances  that  are  good  conductors  of 
heat,  make  poor  heat  insulators. 

22.  A whirling  body  tends  to  pull  away  from,  the  center. 

23.  Whenever  two  liquids  or  two  gases  of  different  thick- 

ness are  separated  by  a thin  membrane,  these  liquids 
or  gases  will  pass  back  and  forth  thnu^kthe  membrane^ 
until  theyare  both  of  the  same  thickness. 


The  reader  will  recall  that  one  point  that  the  research 
brought  out  was  that  few  teachers  were  in  agreement  as  to  the 
grade  level  at  which  a particular  principle  should  be  taught. 
The  writer,  at  first,  was  discouraged  by  this  revelation,  but, 
upon  further  reflection,  was  elated. 

For  this  pointed  out  that,  since  few  teachers  did 
agree  to  any  particular  grade  level  at  v^hich  a principle  should 
be  taught,  perhaps  there  was  really  no  such  grade.  This  led 
to  the  idea  that  just  as  in  mathematics  one  colijmn  addition 
is  taught  at  one  grade  level,  two  and  three  column  a ddltion 
at  another,  and  so  on,  so  science  principles  c an b e built  upon 


from  one  grade  level  to  the  next. 

Thus,  the  principles  stated  above  are  the  specific 
knowledge  objectives  of  the  junior  high  school,  but  they 
might  just  as  well  be  accepted  as  the  specific  knowledge  ob- 
jectives of  the  elementary  school  if  restated  at  the  level 
of  the  elementary -school  pupil. 

Six  Principles  Stated  At  Successive  Levels. --At  this 
. point,  the  writer  would  like  to  take  six  of  the  primary 
science  concepts  and  show  how  they  might  be  stated  at  successive 
levels  from  the  primary  level  thru  the  s enior -high-school  level. 
(The  numbers  indicate  the  numbers  of  the  primary  science 
concepts  stated  above.) 


Primary  Level 

l.A  sled  -ijirr  keep 
moving  down  a 
hill  once  it  gets 
started  just  so 
long  as  there  is 
nothing  in  the 
way  to  stop  it. 


2.  Plants  and 

animals  prepare 
themselves  for 
changes  in  sea- 
sons . 


Intermediate  Level  Junior-High  Level 


Senior -High 
Level 


ilothing  moves 


Anything  that 
is  not  moving 
does  not  move 
until  some- 
thing starts 
it  moving. 
Anything  that 
is  moving  will 
continue  moving 
in  the  same  di- 
rection unless 
something  stops 
it  ,or  changes 
its  direction^  or 
its  speed. 

All  living 


1.  A body  a 
rest  remai 
at  rest,  ^ 
a body  in 
motion  re- 
mains in  r 
tion  unle! 
acted  upoi 
by  some  e: 
ternal  foj 
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1. 


unless  something 
pulls  it  or  pushes 
it  and  makes  it 
move . 


plants  and  animals  2, 


must  adapt  t?jem- 
selves  to  their 
surround! ngs . 


things  must 
adapt  them- 
selves to  the 
conditions  un- 
der v;hich  they 
11 
to 
or 


2.  "All  or- 
ganisms mi 
be  nicely 
justed  to 
environmej 
factors  ii 
order  to 


another  place, vive  in 
die  out.  severe  s 

gle  for  i 
is tence . 
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Friins.ry  L^veX  I nt 6 immediate  LgvgX  LgvgX  Ssnior-Iii^jii 

Level 


10.  \Mien  you  10. 

throw  anything 
up  in  the  air, 
it  soon  falls 
to  the  ground. 


Things  are 
pulled  dov^nward 
by  some  force 
in  the  earth 
that  v;e  call 
gravity.  Gravity 
is  a force  v/hich 
pulls  everything 
toward  the  center 
of  the  earth. 


I.  All  objects 
in  the  universe 
attract  one 
another.  This 
attraction  is 
greater  between- 
.heavier  objects 
and  it  decreases 
as  the  objects 
get  further 
apart.  Since 
the  earth  is  much 
larger  than  the 
objects  on  it,  it 
pulls  all  objects 
on  its  surface  to 
ward  its  center. 


10.  ’’Every  « 
body  in  the  I 
universe  at- 
tracts  every 
other  body  i’ 
with  a force 
vdiich  is  di-  , 
rectly  propou 
tional  to  the'; 
attracting 
masses  and 
inversely  i 
proportional  < 
to  the  squarej 
of  the  dis-  ! 

■ tance  between’ 
the  centers 
of  mass.” 


13 Magne^tiss  pick 
up  things-  made 
of  iron  and 
steel.  Things 
stick  better  to 
the  ends  of  mag- 
nets than  to  the 
middle . 


13.  The  north  pole 
of  a magnet  at- 
tracts the  south 
pole  of  another 
magnet.  Tw^o  north 
poles  or  t wo  south 
poles  repel  each 
other. 


13.  Lilce  magne-cic 
poles  repel  each 
other  and  unlike 
magnetic  poles 
attract  each  other 
The  power  of  the 
magnets  decreases 
as  the  distance 
from  theend  in- 
creases . 


( Downing ) 


13.  Like 
magnetic 
poles  repel 
while  un- 
like magne- 
tic poles 
attract . 

The  force 
varies  di- 
rectly as 
the  magne- 


tic 


strength, 
and  in- 
versely as 
the  square 
of  the  dis- 
tance be- 
tween the 


26 


Cold  air  makes 
water  freeze. 
Warm  air  makes 
ice  melt. 

Steam  is  very 
hot  water. 


26. Ice  changes  to 
water  v/hen  it  gets 
warm.  V/ater  changes 
to  steam  w'hen  it  is 
heated.  Steam 
changes  back  to  water 
when  it  cools  off. 
Water  changes  to  ice 
when  it  is  very  cold. 


26.  By  adding 
heat  a solid 
can  be  changed 
to  a liquid  and 
then  to  a gas. 

By  taking  heat 
avmy  a gas  can 
be  changed  back 
to  a liquid  and 
then  to  a solid. 


poles . ! 

26.  When  a 
solid 

changes  to  ; 
a liquid 
and  then  to, 
a gas,  heat: 
is  absorbed' 
When  a gas  | 
changes  to  ' 
a liquid  ! 
and  then 
to  a solid,’ 
heat  is  li- 
berated. 
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29. 


Primary  Level  Intermediate  Level 

Birds  can  fly  2y . Air  pressure 
because  they  helps  to  hold 

have  wings -to  up  airplanes, 

help  them. 

Airplanes  have 
engines,  wings, 
and  propellers 
which  help 
them  to  fly. 


Junior- High-Level  Senior-PIigh 


Level 


The  movement 

29.  The < 

of  air  against 

pressure  ’ 

a tilted  plane. 

of  a fluic 

causes  a 

Increases 

greater  pressure 

as  the 

to  be  formed  on 

velocity 

the  under  iur- 

decreases , 

face  of  the 

and  the 

pl4.ne. 

pressure  ; 
decreases 
as  the 
velocity  < 
increases , 

One  Principle  Stated  at  Successive  Grade  Levels. - -The 


writer  v/ill  next  take  one  of  these  six  concepts  and  show  how 


it  might  be  stated  at  successive  grade  levels  from  the  first 
throu^hthe  ninth  grade. 


Grade  1 

Grade  2 

Grade  3 

Grade  4 

Vdien  you  throw 
a ball  up,  it 
comes  down 
again. 

Anything  you  throw- 
up,  comes  down 
again. 

y’ater  always 
flov;s  down- 
hill. 

Plant  roots 
always  grow 
dov;nward . 

Grade  5 

Grade  6 

Grade  7 

Grade  8 

All  things  seem 
to  be  drawn 
downward  toward 
the  center  of 
the  earth. 

Things  are  pulled 
downv;ard  by  some 
force  in  the  earth 
that  we  call 
gravity.  Gravity 
is  a iorce  which 
pulls  everything 
toward  the  center 
of  the  earth. 

All  matter  All  bodies 

has  weight  be-  in  the  uni- 
cause of  verse  seem  to 

gravity.  The  attract  each 

pull  of  other  by  a 

gravity  is  force  known 

greater  on  as  gravitation 

heavier  things. 

Grade  9 

All  objects  in  surface  towards 

the  universe  its  center. 

attract  one 

another.  This 

attraction  is 

greater  between 

heavier  objects 

and  it  decreases 

as  the  objects 

get  f’jj?ther 

apart.  Since 

the  earth  is 

much  larger  than 

the  objects  on 

it,  it  pulls  all 

ob’rrjts  on  its 
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Primary  Knowled^^e  Objectives  Stated  Jn  Language  of 
Elementary-  School  Pupil . --The  writer  will,  now'i  restate  all  the 
primary  know'ledge  objectives  of  the  junior  high  school  in  lan- 
guage suitable  to  the  upper-element ary- school  pupil.  This  will 
serve  as  a sample  of  what  should  be  done  with  all  the  science 
concepts.  Of  course  some  principles  will  not  need  to  be  re- 
stated as  they  are  already  stated' in  very  simple  English. 

1.  Nothing  moves  unless  something  pushes  or  pulls  it. 

2.  All  living  things  must  adapt  themselves  to  their 
surroundings . 

3.  All  matter  is  either  a solid,  a liquid,  or  a gas.  All 
things  have  weight  and  take  up  room. 

4.  Most  living  things  need  certain  amounts  of  light,  heat, 
moisture,  air,  and  food. 

5.  Matter  can  be  changed  from  one  form  to  another  but 
cannot  be  destroyed  nor  can  new  matter  be  made. 

6.  Water  and  air  flow/  from  places  of  greater  pressure  to 
places  of  less  pressure. 

7.  Anything  v/ill  float  if  its  weight  is  less  than  the  weight 
of  the  water  it  pushes  away. 

8.  When  something  warm  and  something  cold  touch  each  other, 

the  warmer  thing  gives  some  of  its  warmth  to  the  colder 
thing. 

9.  Solids,  liquids,  and  gases  usually  expand  when  heated 
and  contract  when  cooled. 

10.  Gravity  is  a force  vhlch  pulls  everything  toward  the 
center  of  the  earth. 

11.  Light  travels  in  strai,-,ht  lines. 

12.  Vvhen  light  strikes  an  object  some  of  the  light  is 
absorbed  and  some  is  reflected.  An  object  is  the  color 
of  the  light  it  reflects. 

13.  The  north  pole  of  a m-gnet  attracts  the  south  pole  of 
another  magnet.  Tw;o  north  poles  or  two  south  poles 
repel  each  other. 
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14.  Sounds  are  produced  by  vibrations  and  are  carried  by 
solids,  liquids, -and  gases  that  vibrate. 

15.  Living  things  are  able  to  grov/  and  repair  their  bodies. 

16.  The  surface  of  the  earth  is  alv/ays  cljanglng. 

17.  Germs  are  found  everyv.here  and  are  the  chief  cause  of 
disease. 

18.  The  stars  and  planets  are  kept  in  pl';,ce  by  the  pull  of 
gravity. 

19.  Any  object  that  is  ’’top  heavy”  tends  to  fall  over.  An 
object  will  not  fall  over  if  most  of  its  eight  needs  to 
be  lifted  to  tip  it  over. 

20.  The  pressure  of  water  gets  greater  with  the  depth. 

21.  Vhen  anything  moves,  work  is  done.  Vihen  anything  moves, 
rj.bblng  or  friction  is  produced,  and  this  rubbing  or 
friction  produces  heat. 

22.  Vhen  air  is  cooled  enough,  the  moisture  in  it  condenses. 

23.  To  be  healthy,  one  must  eat  the  right  types  of  foods. 

24.  Green  plants  are  the  only  living  things  that  make  their 
own  food. 

25.  An  electric  cun-ent  can  be  made  by  rubbing,  by  chemical 
change,  or  by  using  magnets. 

26.  Heat  will  make  ice  turn  to  water,  and  water  to  steam,' 
while  cold  will  make  steam  turn  to  v/ater  and  water  to  ice. 

27.  Machines  make  w'ork  easier. 

28.  The  sun  gives  the  earth  most  of  its  heat  and  light. 

29.  Unequal  air  pressure  causes  winds. 

30.  V.hen  electricity  passes  thiauqAa  wire,  the  wire  becomes  a 
magnet . 

The  above  knowledge  objectives  for  the  junior-  high -school 

and  the  elementary-school  curriculum  embody  much  of  the  material 

that  has  been  established  by  research  in  the  preceding  pages. 

Hov;ever,  to  this  are  added  a few  of  the  v;riter’s  own  ideas. 
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Together  they  repr'.sent  v»hat  the  writer  believes  to  be  a 
fundamental  set  of  science  concepts  for  the  elementary  and' 
junior- high -school  general- science  curriculum. 

Problems  for  Further  Study. --However , the  writer  does  not 
feel  that  this  list  of  concepts  is  final.  More  research  is  still 
necessary  on  this  same  problem  to  determine  whether  the  ssme  set 
of  principles  v/ould  result  if  a larger  number  of  students’  questians 
were  studied  and  if  a larger  number  of  evaluators  were  used. 

Moreover,  many  other  problems  seemed  to  emerge  from  this 
study  that  were  beyond  the  scope  of  this  thesis.  A fev/  of  these 
problems  are  listed  below; 

1.  Is  Interest  in  science  greater  among  junior- high-school 
students  or  among  senior-high- school  students? 

2.  Would  senior-high-school  students  (who  had  few  questions 

to  ask  in  this  survey)  be  able  to  ansv;er  most  of  the  science 
questions  asked  by  junior- high- s chool  students? 

3.  Do  junior-hlgh-school  students  ask  more  questions  in 
astronomy  because  they  are  more  interested  in  astronomy 
or  because  they  are  more  familiar  with  the  content  in 
astronomy? 

4.  What  are  the  specific  knowledge  objectives  in  science 
of  general-science  teachers  all  over  the  country? 

5.  How  many  of  the  primary  and  secondary  knowledge  objectives 
stated  above  can  be  mastered  in  one  year  in  the  general- 
science  course? 

6.  A restatement  of  all  the  important  science  principles 
on  successive  grade  levels  from  uhe  Kindergarten  thrav^^i 
college . 
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Copy  of  letter  sent  to  supt.  of  3 tov/ns  and  one  city 


Parting  V/ays  School 
Llain  Street 
Acushnet,  Mass. 

Oct.  9,  1944 


Mr. 

Superintendent  of  Schools 
City  or  Torn,  Mass. 

Dear  Mr. : 

I am  Vv'orking  for  my  Master  of  Ed.  degree  at  Boston 
University,  School  of  Education,  and  am  at  present  compiling 
material  for  my  Master's  thesis. 

In  connection  with  the  latter,  I am  planning  to  conduct 

a survey  in  the  greater  city area  to  determine  the  typical 

science  questions  that  Junior  and  Senior.  High- School  students 
vrauld  like  answered. 

The  results  of  this  survey  should  help  to  bring  out  the 
basic  science  principles  that  all  secondary-school  students  desire 
to  knov/,  and  thus  v/ill  aid  me  in  my  endeavor  to  formulate  the 
important_  science  principles  that  underlie  the  various  brandies 
of  science. 

I would,  therefore,  like  to  obtain  your  permission  to  set 
up  question  boxes  (which  I will  furnish)  in  the  Junior  and  Senior 
High  Schools  of  your  city. 

Enclosed  is  a plan  for  carrying  out  this  survey. 
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Will  you  kindly  inform  me  v/hether  you  Vvill  be  willing 
to  cooperate  in  this  survey?  I am  enclosing  a stamped,  self- 
addressed  envelope  for  your  convenience  in  answering. 

Very  truly  yours, 

Sylvia  Fleish 
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Enclosed  in  superintendents**  letters 
Plan  for  Carrying  Out  Survey 

1.  A science  question  box  will  be  distributed  to  e ach  science 
classroom  of  grades  7-12  Inclusive. 

2.  The  science  teacher  v/ill  be  asked  to  inform  the  pupils 
about  the  question  box. 

3.  The  questions  need  not  be  signed,  but  the  students’  school 
grade  should  appear  at  the  top  of  each  slip  on  which  the 
question  is  v/ritten. 

4.  One  month  from  the  date  the  boxes  are  distributed  the 
questions  will  be  collected. 

answers  to  these  questions  v^ill  be  forwarded  since 
this  would  be  hiomanly  Impossible,  but,  upon  request,  a 
sumrriary  ofthe  results  of  the  survey  in  the  form  of  a list 
of  related  science  principles  will  be  mailed. 
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Copy  of  Letter  accompanying  each  science  question  box. 

To  the  Science  Teacher: 

Your  cooperation  is  being  sought  in  this  science  survey 
in  order  that  v/e  might  determine  the  typical  science  questions 
students  of  Junior  and  Senior  High  Schools  would  like  answered. 

Will  you  kindly  put  the  "Science  ? Box"  in  some  corner  of 
your  classroom.? 

I 

Tell  your  students  that  they  are  welcome  to  drop  into  the 
box  any  questions  pertaining  to  science  about  which  they  desire 
an  ansv/er  or  further  information.  Call  their  attention  to  the 
message  on  the  question  box  directed  to  them. 

The  questions  need  not  he  signed,  but  the  students'  school 
grade  (grade  9 or  grade  11  ) should  appear  at  the  top  of  each 

slip  on  which  the  question  is  written. 

One  month  from  the  date  the  boxes  are  distributed  the 
questions  will  be  collected.  If  interest  on  the  part  of  the 
students  is  still  evident,  the  boxes  will  be  left  for  another 
month. 

No  answers  to  these  questions  will  be  forwarded  since  this 
would  be  humanly  impossible,  but,  upon  request,  a sumtiiary  of 
the  results  of  the  survey  in  the  form  of  a list  of  related  science 
principles  will  be  mailed  to  you. 

Very  truly  yours. 


Sylvia  Fleish 
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Copy  of  message  to  pupils  on  question  box 


Attention  Alll 

Kas  anything  related  to  science  happened  at  home,  at 
school,  at  play,  at  v/ork — any’Ahe re --about  v^hich  you  would  like 
to  ask  a question? 

Here  is  your  chancel 

Drop  in  those  science  questions  you’ve  been  wanting  to 
ask  for  such  a long  time'. 

No  one  need  know  you  v/rote  the  question,  so  ask  about 
anything  pertaining  to  science  that  interests  you I 


Help  fill  your  science  box  v/ith  your  questionsl 
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Sample  Copy  of  Questionnaire  Sent  to  10  In-Service  Elementary- 
School  Teachers  for  Evaluation 

According  to  a survey  conducted  recently  among  secondary- 
school  students,  the  follov/ing  science  principles  were  found 
to  underlie  the  science  questions  asked  by  the  students. 

Will  you  kindly  check  in  column  1 all  the  principles  you  con- 
sider Important  enough  to  be  taught  in  the  Elementary  School? 
Will  you  kindly  note  in  column  2 the  grade  in  which  you 
believe  each  principle  checked  should  be  taught?  On  the  last 
sheet  space  is  provided  for  you  to  add  any  important  science 
principles  which  you  consider  should  be  included  in  the  elemen- 
tary-science course.  You  are  also  encouraged  to  restate,  at 
the  end,  any  principle  that  you  consider  could  better  be  stated 
in  another  way  at  the  Elementary-School  level. 


Col.  1 Col.  2 


1,  Nothing  moves  unless  it  is  pulled  or 

pushed  by  some  force.  1 

2,  Charcoal  is  formed  when  wood  burns,  2 

3,  New  plants  grow  from  the  seeds  of  older 

plants . Baby  animals  are  born  to  parent 
animals.  3 


1 


3 


4.  All  life  has  come  from  simpler  forms.  4 

5.  All  living  things  must  adapt  themselves 

to  their  surroundings.  5 

6.  All  living  things  need  air  in  order  to 

live.  6 


4 

5 

6 


7.  All  matter  is  either  a solid,  a liquid, 

or  a gas.  7 7 

All  matter  is  made  up  of  tiny  particles 
called  molecules  and  these  molecules  are 
always  moving  about.  (Molecular  Theory)  8 8 


8. 


61 


Col  1. 

Col 

9. 

All  living  things  have  their  own 
temperature  at  v/hich  they  boil,  freeze, 
or  catch  on  fire. 

9 

9 

10. 

An  electrical  current  can  be  made  by 
rubbing,  by  chemical  change,  or  by 
use  of  magnets. 

10 

10 

11. 

Anything  v/ill  float  if  its  weight  is 
less  than  the  weight  of  the  water  it 
pushes  away. 

11 

11 

12. 

The  lighter  elements  can  be  made  from 
heavier  ones  artificially. 

12  ' 

12 

13. 

Unequal  air  pressures  cause  winds. 

13 

13 

14. 

Certain  amounts  of  light,  heat,  water, 
air,  and  food  are  needed  for  the  life 
of  most  living  things. 

5 

15. 

Certain  characteristics  are  inherited. 

15 

15 

16. 

Time  is  the  4th  dimension. 

16 

16 

17. 

Matter  can  be  changed  from  one  form 
to  another  but  cannot  be  destroyed  nor 
can  new'  matter  be  made.’. 

17 

17 

CO 

1 — 1 

Energy  may  be  carried  from  place  to 
plsce  by  means  of  wave  motions. 

18 

18 

19. 

Equal  forces  tend  to  balance  one  another. 

19 

19 

20. 

All  things  have  weight  and  take  up  room. 

20  ■ 

20 

21. 

Water  and  air  flow'  from  places  of  greater 
pressure  to  places  of  less  pressure. 

21 

21 

22. 

Whenever  two  things  having  different 
temperatures  are  in  contact,  the  warmer 
one  gives  some  of  its  heat  to  the  colder 
one . 

22 

22 

23. 

Water  will  rise  by  itself  in  fine  tubes. 

23 

23 
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Col.  1 Col.  2 


82 


24.  Solids,  liquids,  and  gases  usually 

expand  v/hen  heated  and  contract  when 


cooled. 

24 

24 

25. 

Most  things  that  stretch  are  able  to 
come  back  to  their  original  shape. 

25 

25 

26. 

V<”hen  two  things  of  different  v/eights 
are  drop,.ed  from  the  same  height  at 
the  same  time,  they  reach  the  ground 
at  the  same  time. 

26 

26 

27. 

Machines  make  vvork  easier. 

27 

27 

28. 

The  probability  of  something  happening 
in  a certain  way  is  equal  to  the  num- 
ber of  ways,  in  which  it  can  happen 
divided  by  the  number  of  ways  in  which 
it  can  either  happen  or  fail. 

28 

28 

29. 

Gravity  is  a force  which  pulls  every- 
thing toward  the  center  of  the  earth. 

29 

29 

50. 

Light  travels  in  straight  lines. 

30 

30 

31. 

\7hen  light  strikes  an  object  some  of  the 
light  is  absorbed  while  some  is  reflected 
from  the  surface.  Any  object  is  the 
color  of  the  light  it  reflects. 

31 

31 

32. 

The  north  pole  of  a magnet  attracts  the 
south  pole  of  another  magnet.  Two  north 
poles  or  two  south  poles  repel  each  other 

.32 

32 

35 . 

Plants  and  animals  depend  on  one  another 
in  order  to  live. 

33 

33 

34. 

Plants  and  animals  have  many  natural  ways 
of  protect j.ng  themselves. 

34 

34 

35. 

In  the  development  of  the  organism,  the 
development  of  the  race  repeats  itself. 

35 

35 

36. 

Sounds  are  produced  by  vibrations  and  are 
carried  by  solids,  liquids,  and  gases 
ti.at  vibrate. 

36 

36 

37. 

When  molecules  of  the  same  kind  stick  to- 
gether it  is  called  cohesion,  when  those 
of  different  kinds  stick  together,  it. is 
called  adhesion. 

37 

37 
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Col.  1 Col.  2 


38.  Living  things  are  able  to  grow  and 


repair  their  bodies. 

38 

38 

39. 

The  movements  of  the  solar  system  and 
stars  are  regular. 

39 

39 

40. 

The  past  is'revealed  by  fossils,  or 
remains  of  life. 

40 

40 

41. 

The  surface  of  the  earth  is  always 
changing. 

41' 

41 

42. 

Each  kind  of  plant  and  animal  v/as 
created  in  the  beginning  with  the  same 
character  it  has  today. 

42 

42 

43. 

Life  forms  whenever  favorable  conditions 
occur. 

43 

43 

44. 

There  is  alv/ays  friction  whenever  work 
is  done  and  this  friction  produces  heat. 

44 

44 

46. 

A great  passing  star  may  have  pulled 
a piece  away  from  our  sun  and  this  piece 
may  have  been  the  beginning  of  our  earth. 

46 

46 

45. 

Germs  are  found  every’vvhere  and  are  the 
chief  cause  of  diseases. 

45. 

45 

47. 

The  stars  and  planets  are  kept  in  place 
by  the  pull  of  gravity. 

47 

47 

48. 

Vs'ater  dissolves  many  things. 

48 

48 

49. 

’Ahen  air  is  cooled  enough,  the  water 
vapor  in  it  condenses. 

49 

49 

50. 

V;hen  electricity  passes  thawgka  wire, 
the  wire  becomes  a magnet. 

50 

50 

51. 

Heat  Will  make  ice  turn  to  Vi^ater,  and 
v/ater  to  vapor  while  cold  will  make  vapor 
turn  to  water  and  water  to  ice. 

51 

51 

52. 

When  enough  alcohol  is  added  to  a 
radiator,  the  water  in  it  vdll  not 
freeze  in  the  winter. 

52 

52 

b4 


53. 


54. 


55. 


56 . 


57. 


58. 


59. 


60. 


Col.  1 

Col 

Yiihen  light  strikes  an  object,  a shadow 
is  formed  behind  the  object. 

53 

5‘3 

Rocks  were  formed  by  heat  and  pressure. 
Some  rocks  were  formed  in  layers  under 
water . 

54 

54 

All  things  that  burn  need  air. 

55 

55 

Different  plants  and  animals  have 
different  life  stories. 

56 

56 

The  pressure  of  water  gets  greater 
with  the  depth. 

57 

57 

Nothing  can  stand  up  unless  the  center 
of  its  v/eight  is  over  its  base. 

58 

58 

The  pressure  of  the  atmosphere  gets 
less,  the  higher  up  one  goes,  and  it 
gets  greater  as  one  goes  down. 

59 

59 

The  sun  gives  the  earth  most  of  its 
heat  and  light. 

60 

60 
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1 Col. 


Sample  Copy  of  Questionnaire  Sent  to  10  In-Service 
Junior-High-School  Teachers  for  Evaluation 

According  to  a survey  conducted  recently  among  secondary- 
school  students,  the  follov^ing  science  principles  v^^ere  found 
to  underlie  the  science  questions  asked  by  the  students.  Vvill 
you  kindly  check  in  column  ONE  all. the  principles  you  consider 
important  enough  to  be  taught  in  the  Junior  high  school?  Will 
you  kindly  note  in  column  TWO  the  grade  in  v/hich  you  believe 
each  principle  checked  should  be  taught?  On  the  last  sheet 
space  is  provided  for  you  to  add  any  important  science  prin- 
ciples v.hich  you  consider  should  be  included  in  a general- 
science  course.  You  are  also  encouraged  to  restate,  at  the 
end,  any  principle  that  you  consider  could  better  be  stated 
in  anobher  way  at  the  Junior-High-School  level. 

1.  Anything  tliat  is  not  moving  does  not  move  until  something 
starts  it  moving.  Anything  that  is  moving  will  continue 
moving  in  the  same  direction  unless  something  stops  it  or 
changes  its  direction,  or  its  speed. 

2.  A chemical  change  is  a change  in  v/hich  a new  substance 
is  fomed. 

3.  All  life  comes  from  former  life  and  reproduces  its  ov/n 
kind;  thus  life  continues  from  age  to  age. 

4.  All  life  has  come  from  simpler  forms. 

5.  All  living  things  must  adapt  themselves  to  the  conditions 

under  v/hich  they  live,  or  become  extinct. 

6.  All  living  things  use  oxygen  to  change  food  into  heat 
and  into  other  forms  of  energy. 

7.  All  matter  is  either  a solid,  a liquid,  or  a gas. 

8.  All  matter  is  made  up  of  tiny  particles  called  molecules, 

and  these  molecules  are  in  constant  motion. 


All  substances  havetheir  own  specific  boiling  point, 
freezing  point,  and  kindling  temperature. 

An  electrical  current  can  be  produced  by  friction, 
chemical  change,  or  by  use  of  magnets. 

Any  object  that  is  v/holly  or  partly  immersed  in  a liquid 
or  a gas  is  held  up  by  a force  tliat  is  equal  to  the  weight 
of  the  liquid  or  the  gas  that  the  object  has  displaced. 

The  lighter  elements  can  be  made  from  the  heavier  ones 
artificially. 

The  movement  of  air  against  a tilted  plane  causes  a 
greater  pressure  to  be  formed  on  the  under  surface  of  the 
plane. 

Certain  amounts  of  light,  heat,  moisture,  oxygen,  and  food 
are  necessary  to  the  life  of  most  living  things. 

Certain  physical  and  mental  characteristics  are  inherited. 

Time  is  the  FOURfH  dimension. 

Energy  and  matter  can  neither  be  created  nor  destroyed, 
but  can  be  changed  from  one  form  to  another. 

Energy  may  be  carried  from  place  to  place  by  means  of  wave 
motions . 

Equal  forces  tend  to  balance  one  another. 

Every  body  has  weight  and  occupies  space. 

Fluids  move  from  regions  of  greater  pressure  to  regions 
of  less  pressure. 

Heat  may  be  transferred  by  radiation,  conduction,  or 
convection.  Whenever  two  things  having  different  tem- 
peratures are  in  contact  the  warmer  one  gives  some  of 
its  heat  energy  to  the  colder  one. 

In  fine  tubes,  liquids  capable  of  wetting  the  material 
of  which  the  tubes  are  made  will  rise. 

In  general,  solids,  liquids,  and  gases  expand  when  heated 
and  contract  when  cooled. 
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Col.l  col. 2 25. 

In  general,  those  things  that  carry  energy  waves  have 
the  ability  to  return  to  their  original  shape  after  being 
disturbed. 

26. 

V;hen  two  objects  of  unequal  v;eight  are  dropped  from  the 
same  height  at  the  same  time,  they  w^ill  both  fall  at  the 
same  rate  of  speed. 

27. 

Lavi/  of  Machines;  The  force  multiplied  by  the  distance 
thii>M^Av/hich  it  moves  is  equal  to  the  weight  multiplied 
by  the  distance  tiuy^which  it  moves. 

• 

CO 

• 

The  probability  of  somethin^^  happenin.,  in  a certain  way 
is  equal  to  the  number  of  ways  in  which  it  can  happen 
divided  by  the  total  mmiber  of  ways  in  which  it  can  either 
happen  or  fail. 

‘ 29. 

All  objects  in  the  universe  attract  one  another.  This 
attraction  is  greater  between  heavier  objects  and  it  de- 
creases as  the  objects  get  farther  apart.  Since  the  earth 
is  much  larger  than  the  objects  on  them, 'it  pulls  all  ob- 
jects on  its  surface  towards  its  center. 

30. 

Light  travels  in  straight  lines  thi^ugsthe  same  substance. 
V/hen  light  passes  from  one  kind  of  substance  to  another, 
the  rays  of  light  are  bent. 

31. 

Light  waves  are  of  different  lengths.  V»hen  light  strikes 
an  object  some  of  the  li^^ht  is  absorbed  v.hile  some  is  re- 
flected from  the  surface.  The  angle  at  which  light  strikes 
an  object  is  equal  to  the  angle  at  which  light  leaves  the 
object . 

® 32. 

Like  electrical  charges  repel  one  another,  unlike  elec- 
trical charges  attract  one  another.  Like  magnetic  poles 
repel,  unlike  magnetic  poles  attract. 

33. 

Plants  and  animals  depend  on  one  another  in  order  to  live. 

34. 

Protective  adaptations  are  an  aid  to  survival. 

35. 

In  the  development  of  the  organismgl  (embyro),  the  develop- 
ment of  the  race  repeats  itself. 

36. 

Sounds  are  produced  by  vibrations  and  are  carried  by  solids, 
liquids,  and  gases  that  vibrate. 

37. 

• 

The  attraction  of  molecules  of  the  same  kind  for  each  other 
is  called  cohesion,  of  different  kinds  for  each  other- 
adhesion. 
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Col.l  Col. 2 38.  All  living  things  are  made  up  of  very  small  units 

called  cells  and  these  cells  have  the  power  to  grov/  and 
to  repair  themselves. 


39.  The  movements  of  the  solar  system  and  of  the  stars  con- 
tinue in  regular  uniform  motion. 


40.  The  present  is  the  Key  to  the  past. 


41.  The  surface  of  the  earth  is  constantly  changing. 

42.  Each  kind  of  plant  and  animal  was  created  in  the  beginning 
with  the  same  character  it  has  today.  (Theory  of  Creation) 

43.  New  life  and  new  forms  of  life  form  whenever  favorable 
conditions  occur.  (Theory  of  Spontaneous  Generation) 

44.  There  is  always  friction  whenever  work  is  done  and  this 
friction  produces  heat.  Rolling  friction  is  less  than 
sliding  friction. 

45.  There  are  millions  and  millions  of  bacteria,  molds,  and 
spores  everywhere,  w'hich,  under  the  ri^ht  conditions , will 
multiply.  Many  of  these  organisms  cause  diseases. 

46.  A great  passing  star  may  have  pulled  some  of  the  gaseous 
material  away  from  our  sun,  thus  forming  the  beginning 

of  our  Earth. 

47.  Two  balancing  forces,  motion  and  gravitation,  tend  to 
keep  the  heavenly  bodies  in  place, 

48.  liVater  is  a universal  solvent. 

49.  V.lien  a gas  is  compressed  it  heats  up;  when  a gas  expands 
it  cools.  When  air  is  cooled  sufficiently,  the  moisture 
in  it  is  condensed. 


50.  When  a current  of  electricity  is  passed  t .ibMgk«a  wire,  a 
magnetic  field  is  formed  around  the  wire.  When  a coil 
of  wire  is  made  to  revolve  under  a magnet,  a current  of 
electricity  begins  to  flow  in  the  wire. 


51. 


V/hen  a solid  changes  to  a liquid,  and  a liquid  to  a gas, 
heat  is  taken  in,  and  when  a gas  changes  to  a liquid,  and 
a liquid  to  a solid,  heat  is  given  out. 
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Col.l  col. 2 52. 


53. 


54. 


55. 


56 . 

57. 

58. 


59. 


60. 


VvTien  a solute  is  added  to  a solvent,  the  Boiling  Point 
is  raised  and  the  Freezing  Point  is  lovvered. 

l^llien  light  strikes  an  object,  a shadow  is  formed  behind 
the  object. 

All  rocks  were  formed  either  by  heat,  by  heat  plus 
pressure,  or  by  deposits  of  sediment  in  water. 

y/hen  anything  burns.  Oxygen  is  used  and  C02  is  given  off. 

Different  plants  and  animals  have  different  life  cycles. 

The  pressure  of  water  Increases  with  its  depth. 

An  object  is  stable  v/hen  its  center  of  gravity  is  above 
the  base. 

Tlie  pressure  of  the  atmosphere  decreases  as  the  altitude 
increases,  and  increases  as  the  altitude  decreases. 

The  sun  is  the  chief  source  of  energy  to  the  Earth. 
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The  Sixty  Principles  and  the  Questions  that  Underlie 

Each  principle 

I.  A body  at  rest  remains  at  rest  and  a body  in  motion 


remains  in  motion  unless  acted  upon  by  some  external  force. 


pupils  Questions 

Grade 

F 

1 . 

Vv'hat  keeps  the  sun,  moon^ earth,  and  planets  up? 

7 

13 

2. 

What  causes  a falling  star? 

7777 
hJji^ 

6 

3. 

V.J»at  causes  the  earth  to  move? 

G,t 

4 

4. 

What  makes  the  earth  and  other  planets  go 
around  the  sun? 

8 

1 

5. 

If  an  apple  strikes  the  earth,  why  does  it  roll? 

8 

1 

6 . 

What  would  happen  to  everything  on  the  earth  if 
there  suddenly  was  no  gravity? 

9 

1 

7. 

Why  does  a c ar  com.e  off  the  road  when  it  is 
going  fast? 

7 

1 

8. 

What  causes  meteors  and  comets? 

8 

1 

9. 

Will  the  earth  always  be  in  the  same  place  or 
will  it  move? 

9 

1 ■ 

10. 

Why  is  it  that  there  is  one  star  called  the 
northern  star  t:.at  stays  in  one  place? 

7 

1 

• 

1 — 1 

How  is  it  that  the  world  is  spinning  and  we 
don’t  feel  it  or  realize  it? 

9 

1 

Total 

3l 

II . 

A chemical  change  is  a change  in  Vi/hlch  a new 

substance  is  formed; 

Grade 

P 

Pupils'  Questions 

1. 

How  does  the  fire-fly  make  that  light  at  night? 

9 

1 

2. 

Wliy  do  people  put  away  gold  accessories  in 
blue  cloth? 

9 

1 

3. 

Yvhy  does  a candle  give  off  carbon? 

7 

1 

4. 

■yhat  causes  milk  to  become  sour? 

^ 9 

1 

Total 

4 
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III.  All  life  comes  from  preexisting  life  and  reproduces  its 
own  kind;  thus  life  continues  from  age  to  age. 


pupils^  Questions 

1.  How  can  children  be  created? 

2.  Vjhy  are  boys  attracted  to  girls  and  vice-i''ersa? 

3.  Vvhy  is  there  such  a thing  as  a human  being? 

4.  Why  do  flowers  bloom? 

5.  What  is  inside  a bud? 

6.  Wliy  do  plants  die  in  winter  and  come  back  in 
spring? 

7.  How  did  water  and  land  animals  originate.^ 

8.  Are  ostriches  relisted  to  the  birds  that  used  to 
be  on  earth? 

9.  Does  all  life  come  from  prae^xisting  life? 

10.  Why  is  a bird  egg  kept  warm? 

11.  How  do  mosquitoes  breed  in  water  and  then  after 
come  out  and  fly  around?  How  are  they  born 
there?  Where  do  they  come  from  and  how  do  they 
bite  and  give  poison f 

12.  Why  doesn’t  a chick  hatch  from  ah  egg  vhen  the 
egg  is  first  laid? 


13.  Vhat  is  meant  by  a "missing  link"? 

IV.  All  life  nas  evolved  from  simpler  forms. 

Pupils'*  Questions 

1.  Is  man  descended  from  fish? 

2.  How  come  a dog  can  bark  out  it  can’t  talk? 
What  makes  a dog  understand  what  his  maste: 

3.  What  is  meant  by  a"misslng  link?" 


Total 


Grade 

h' 

7,^9 

3 

9j9 

2 

9 

1 

8 

1 

7 

1 

7 

1 

7 

1 

7 

1 

H.S 

1 

7 

1 

7 

1 

8 

1 

H.S 

1 

IG  ' 

Grade 

F 

H.S 

1 

s?  9 

1 

H.S 

1 

3 

Total 
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V.  All  living  things  must  adapt  themselves  to  conditions  under 


1. 


2. 


3. 

4. 

5. 


6. 


7. 


8. 

9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


v/hich  they  live  or  become  extinct. 


Grade 


pupils'"  Questions 

How  is  it  that  a fish  would  be  drowned  in  air 

if  he  got  out  of  water  and  a frog  goes  in  and  7^7 

out  and  does  not  die?  8 

Do  all  animals  move  around  and  do  they  have 
home  s ? 

Y-hat  makes  flowers  smell?  7^8 

V;hy  do  dogs  eat  bones?  , 7 

In  what  surroundings  does  the  musl.room  exist?  8 

7hy  do  the  flies  bite  on  damp  days?  8 


How  do  mosquitoes  breed  in  v/ater  after  they  come 
out  and  fly  around,  how  are  they  born  there? 
Where  do  they  come  from  and  how  do  they  bite,  and 


give  poison?  7 

Hliy  do  porcupines  have  needles?  7 

Why  is  it  that  certain  fish  can  not  live  in  fresh 
water?  7 

Y;hy  is  a mole  blind?  Why  does  it  come  out  at 

night  instead  of  day?  8 

Why  doesn’t  a chick  hatch  from  an  egg  when  egg 
IS  first  laid?  8 

How’ long  can  a plant  live  without  water?  7 

”.hy  is  it  chat  birds  don’t  freeze  in  winter?  7 

When  does  the  horsechestnut  tree  malce  its  food?  7 

Why  do  owls  eat  mice?  H.S 

Y/hat  are  the  advantages  of  living  in  the  water?  7 

Is  it  possible  to  find  a Water  Mocassin  on  Cape 
Cod?  10 

Why  do  Evergreens  stay  green?  7 


P 


3 


2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


V 


i.-:  i ii'  tiC'. 


6':  Vi  • ■.  ..i  *.'  ■:  y-'-d  .'.;iIVlX  iJf.* 

. hlCC'^Ci  •!'  '1  .U  - ic:*.- 


e I 


. ■ '~r 

- f'-' <-f  ’ 


£*iy_r  zij,  jj\ 


■cy.  . i I'Q.Vi  .:■  i-.,J 


*■  ; 


t 


-.i.  .>'v 

iOXfc/K’dft  ;jj«cv  X'fi,?  ^ o 


\\V 


■ o-'  it--.  ? : v:ow  XX  v cG..’ 

' . Vv  i;on 


'-,V 


■B 


?3&fiod'  Ji  , Vi'. 

. • • ~ ^ 

3iX<5  MOO-X:?:..  :V  Ox;'  * S'-cB-  XV 

ftc  j jIX  a-.,<  i V: 

'Toc'  \’v'ff^  “’'iK  jii-  e’pQ-j  '..'pec,;-  oX  vrp^'  . 

xiZQ(S  vc.iX  iWii  ■•■••orT  ,brj^c>i^  '-S/j  Juiix?  .-d^juaT 


^no 

.•ru 


Ji.  “'  ■'jtilv.  0^1  'v-;  r-i.x  ;^n;br: ' \_  bX> 


V 


*'  s 


V^tCfiX'C)'  . : V :.  .<»' 


i ;,  X2:sv*n  ov-j-'I  '^^:?Xpx'r*^i6  . oJa 


fi>>-3'x‘i  -'ll  i>vlS  icA\  mo  /’ioi.l  Jv-y' 


i Ki  rr'L’' 


:$:^.,  i'jjo;  di-rop  ’I  a ox  ^;rt;V.  ?bnll  l ^jXoin  1?  c’i:  'rri:. 

?^*Jb-'jFO‘  cxAbdaffi  './ip-ix 


:■£) ; fi^iVvV  y.'-  d'.'.  luoniX  dcSBil'  'AGiclC'  L V ’acjob  vd'' 


a 

V 

V 


j'biBi  irayi:t  i.i 

' . - '’V. 

'.*y:;>stn.',  p-irciiXI.-.  ovlX  id:;L\.  B mv  ,..acl  :VfC; 


V'Xi>ix‘.X-  nX  -SifiOc^xl  'nob  -'Is'icr  . ii  - al  vrV 

- - . ■ ^ - ...  . 


Ylool  3*.+  l •p.vxX  kii^-  sdo*  • 


V, 

T'X 


;’wci:r ai.. 0 ob 


•^•I-=/C^x••  ©*jX  nl  >ir:^*'.‘X  :o  V'.  >:  i j x.;> 


no  nre^i^oo.,  yoXx.;','  c.X  ■iX/.jaaoa  ..tl  si 

. ' ' ' , •■  ■'  • •-  i'-i  . ■'  ■ ■ i ■ ' !XboO 


Vxwoyv  "3.; a anodri^'if'v;^  of-  'vdfj 


- V. 


. ■ .•  ' .•'  v,  - ..  Vi 


/.<  ■•  '.« , 


93 


19. 

Why  do  trees  grow  bark? 

Grade 

—yj 

F 

20. 

Vhy  do  trees  take  so  lorio  to  grovi/  when  plants 
and  flowers  don't? 

7 

1 

21. 

Vhy  do  plants  die  in  winter  and  come  back  in 
spring? 

7 

1 

22. 

Is  grass  seed,  fertilizer,  and  v/ater  the  only 
thing  that  makes  grass  grow? 

7 

1 

23. 

When  do  fruit  trees  bloom? 

7 

1 

24. 

When  does  the  sugar  maple  blooiji? 

7 

1 

25 

. When  does  the  horsechestnut  drop  its  chestnuts? 

7 

1 

26. 

Does  a.  whale  spend  most  of  the  time  under  water 
or  on  top  of  the  water? 

10 

1 

Total 

30 

VI . 

All  living  things  use  O2  to  change  food  into 

heat  and  into  other  forms  of  energy; 

Pupils'  Questions 

Grade 

P 

1. 

Why  do  people  get  cold  when  they  die? 

8 

1 

2. 

Does  a fish  breathe  air? 

7 

1 

3. 

Vhy  is  it  that  birds  don't  freeze  in  the  winter? 

7 

1 

Total 

3 

VII 

. All  matter  is  either  a solid,  a liquid,  or 

a gas . 

' Grade 

F 

Pupils  Questions 

1. 

Vhat  is  plastic  made  of? 

7,7 

2 

2. 

Vhat  is  the  shell  of  an  egg  made  of? 

7,9 

2 

3. 

V.'hat  is  mineral  matter? 

7,7 

2 

4. 

What  is  H2? 

7,7 

2 

5. 

Vhat  is  air? 

9 

1 

6 . 

Vhat  is  water? 

7 

1 

, How  was  £jlass  first  formed? 


7 


9 


1 
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Grade 

•F 

8. 

When  and  where  was  glass  formed? 

9 

1 

9. 

V/hat  is  glue? 

7 

1 

• 

o 

f — 1 

Vvhat  is  smoke  made  of? 

9 

1 

11. 

What  Are  Christmas  tree  ornaments  made  of? 

7 

1 

12. 

V;hat  is  synthetic  rubber  made  of? 

7 

1 

13. 

what  are  the  elements  in  lava? 

7 

1 

Total 

16 

VIII.  All  matter  is  made  oT  tiny  particles  called 

molecules,  and  these  molecules  are  in  constant 

motion. 

Grade 

P 

Pupils’*  Questions 

1. 

V.'hat  is  .water  made  of? 

1,1 

2 

2. 

\'iJhat  makes  v;ater  hold  itself  up? 

1 

1 

3. 

Is  there  any  way  of  proving  the  molecular  theory? 

9 

1 

4. 

What  are  diamonds  made  of? 

9 

1 

5. 

’.''•hy  is  sno’w  white  when  water  is  colorless? 

7 

1 

6. 

Is  air  the  only  thing  that  can  be  put  in  tires 
to  hold  uio  a car  or  bike? 

9 

■1 

Total 

7 

IX. 

All  substances  have  their  own  specific  boiling 

point,  freezing  point,  and  kindlln^  temperature. 

Grade 

F 

Pupils  Questions 

1. 

V.hat  causes  combustion? 

7 

1 

2. 

How  does  hay  take  fire  after  it  has  been  dried  and 
and  been  wet  by  the  dew  or  rain  and  then  put  in  the 

barn.  I know  it’s  sponta.necus . combust  ion,  but  how 
does  it  happen? 

H.S 

1 

3. 

If  the  glass  on  the  outside  of  a bulb  breaks,  will 

the  bulb  still  light? 

7 

1 

4. 

What  causes  hailstones? 

7 

1 

5. 

Why  does  a candle  give  off  carbon? 

7 

1 
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6 . 

X. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

XI. 

1. 

XII 

1. 

2. 


Grade 


PUj-  lls*^  Questions 


How  is  gasoline  made  and  where  does  it  come 
from? 

7 

1 

Total 

e 

An  electric  current  is  a flow  of  electrons  that 
can  be  produced  by  friction,  chemical  change,  or 
by  use  of  magnets. 


Grade 

? 

Pu^-  ils'  Questions 

How  do  ships  and  airplanes  get  electricity? 

7,7 

2 

How  does  v/ater  rriUke  electricity? 

9 

1 

What  is  electricity? 

9 

1 

How  does  television  work?  How  can  they  make  a 
picture  out  of  it  and  show  it  on  Lhe  radio? 

7 

1 

How  can  a soldier  talk  with  a radio  on  his  back 
to  some  place? 

7 

1 

How  can  we  talk  through  a wire? 

7 

1 

Can  you  take  electricity  apart?  How? 

9 

1 

hhat  makes  trolleys  run  besides  electricity? 

9 

I 

Total 

10 

An  object  is  stable  v/hen  its  center  of 
gravity  is  above  the  base. 

Grade 

p 

Pu  11s'  Questions 

V;hy  doesn’t  the  Leaning  Tower  of  Pisa  fall? 

9 

1 

Total 

1 

. Archimedes  principle:  Any  object  that  is 

wholly  or  partly  immersed  in  a liquid  or  a gas 
is  held  up  by  a force  that  is  equal  to  the  weight 
of  tlie  liquid  or  the  gas  that  the  object  has 
displaced. 

•1 

Grade 

F 

PUjjils  Questions 

How  can  battleships  and  boats  stay  up  v-hen  they 
are  made  or  iron  and  steel? 

7,7,%7 

6 

How  and  why  does  wood  float? 

7 

1 

' * 


0 


6 1 » O J-  . ci  r-  ■.  j c'  j.  I , * * 


.f1:ICRS%  cl  .iOp 


wMOc  Ji  esoiv  oft^3 


. F.:lC'Iv‘C  jl  ■>  - vei  l -3  et  ‘iOU‘\TJ'’t>  C-*t  C x.:»  Gj 

^lo  t • 'j  - '.e  i :■'  /!'!.'>  . rJi  i w-  o S ai^ 

'•!.  vc;;  Y'’ 


tf-r 


• ■ ' ' 0 n I i •:  . . 

.•i;:r;>£,l„  ,‘v,j  . ::  :-.  Xuilv^  lap  eqiije  r .-oX 

f>'  . '''..' 

V"- Jle  I T;  J 0>  I •!»  vf  JiTw  K - b 1 .V o' ■ 

? • Jitc  >1 J GeX  j 


e v!  . 


Hr  L.  O i;i  lie  ci-j31 


lo  XCT* 

8i  'O  V^;A 

nc  G ::i  005 


"v ' ‘‘‘'X 


r . . . 


I'v.  no 

isivnl 

i?  J 

ei?bX>  ro:i 

ft-HG  ' 

•J  o*  J»  w 

■JfjO 

jir joiq . 

‘X^’’ 

•X*  -tic 

B G 

n, -c  ;woH 

?uc 

. r . 
UU 

nrnoG  oi 

L'ClP 

X >iXs'.; 

"i'lac  i:oP 

cin  -■ 

0 "'X'-j  ■ X 

"i'-vJ 

ijo'i  nr:*' 

n .G\ 

R I X O-tX 

, e,'.j.>Umj,  i.ornT 

1 oXv. 

i<l€  cX 

oi  C 

1 

: ■ (,  -Sd  Si^  ^ 

SVC'J  > ‘ 

si-  ' 

y/J:  c-'£iv 

• lie  ■-  >■  s 

■''  ■*  to ' 

J •rU 

J 'neooV  v/i  ■’ 

on 

^'.1  C'l^. 

.'V: 

l-oioq 

‘XO- 

V J.  X W . 1 • 

'IO''i 

s v:o  c 

If  fc 

XoX  si 

ia  • CEO 

fc'lo-p-I 

I j 

rio  lo  ',  ■ 

f 

dC  ' 

* ‘ *' 

, ► 

’ AW 

n 1'  ij 

, olivin. 

G P.q 

Inoolv 

.)  B X 

r.£c  »tfoi 

. tne 

'no'll 

o£tO:l  4JC.JS 

^r;o<» 

-.  G '•  ‘‘  n 

f,nn 

9o 


3. 

I’ve  heard  that  a rotten  egg  ‘will  float. 
Is  this  true? 

Grade 

H.S 

!■' 

1 

4. 

V;hy  do  clouds  stay  in  ahe  sky  instead  of 
being  pulled  to  earth  by  gravity? 

7 

1 

5 . 

ydiy  does  the  v/eather  man  have  to  put  up  gas 
balloons? 

8 

1 

6. 

Vvhat  is  H2? 

7 

1 

7. 

When  you  drop  a stone  in  a glass  of  v;ater  the 
water  rises.  Vv'e  all  know  that,  but  why  does 
it? 

Total 

7 

1 

12 

XIII.  Artificial  transmutation  of  elements.  The 
higher  elements  can  be  made  from  simpler 
ones  artificially. 

Grade 

F 

Pupils'  Questions 

1. 

Can  mercury  be  made  into  anything  like  iron? 

9 

1 

Total 

1 

XIV 

eht  of  air  against  a tilted  plane  causes  a 
greater  pressure  to  be  formed  on  the  under 
surfcice  of  the  plane. 

Grade 

F 

Pupils**  Q^  estlons 

1. 

Why  doesn’t  gravity  pull  down  an  airplane 
like  everything  else? 

7,8 

2 

2. 

Why  can  birds  overcome  the  law  of  gravity? 

7,7 

2 

3. 

What  is  the  theory  of  flight? 

10 

1 

4. 

If  a man  were  born  with  wings;  would  he  fly? 

9 

1 

5. 

When  airplanes  fly  in  th^^  sky  what  holds  them 
to  the  earth  and  does  not  let  them  fall  into 
spa3e? 

8 

1 

Total 

7 

XV.  Certain  amounts  of  light,  heat,  moisture,  O2 

and  food  are  necessary  to  the  life  of  most  living 
things . 
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Grade 

F 

Pupils'  Questions 

1. 

Would  it  be  possible  to  live  on  Venus? 
r.'ars?  other  planets,  Koon? 

How  is  it  that  a fish  would  be  drowned  if 
he  got  out  of  water  and  a frog  goes  in  and 

5 

out  and  doesn’t  die?  man? 

7,7,8 

3 

2. 

What  makes  hair  grow? 

7,7 

1 

3. 

What  part  does  food  play  in  our  lives? 

7 

1 

4. 

Is  grass  seed,  fertilizer,  and  water  the 
only  thing  that  makes  grass  grow? 

8 

1 

5. 

Does  eating  fish  grow  brains  and  strong 
eyesight? 

9 

1 

6. 

Does  a fish  breathe  air? 

7 

1 

7. 

Why  do  dogs  eat  b ones? 

7 

1 

8. 

In  what  surroundings  does  the  mushroom  exist?  8 

1 

9. 

How  long  can  a plant  live  v/ithout  water? 

7 

1 

10. 

Why  do  owls  eat  mice? 

H.S 

1 

• 

f — 1 
1 — 1 

Why  is  it  that  birds  don't  freeze  in  the 
winter? 

7 

1 

12. 

Vhat  is  water? 

7 ' 

1 

13. 

What  is  air? 

9 

1 

14. 

Vhy  aren't  people  the  same  size? 

9 

1 

15. 

V.'hat  causes  people  to  grow? 

9 

1 

16. 

How  can  a fish  breathe  under  the  w'ater,  where 

does  the  O2  come  from? 

7 

1 

17. 

Vhat  makes  trees  hard  when  they  die? 

7 

1 

Total 

25 

XVI. 

Certain  physicd  and  mental  'characteristics 

are  inherited. 

• 

Grade 

F 

Pupils’  Questions 

1. 

Vhy  do  people  get  bald? 

^9,9 

6 

2. 

Vhat  makes  flowers  smell? 

7y8 
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Grade 

F 

Pupils’  Q,uestions 

3. 

Vvhy  aren't  people  the  same  size? 

9 

1 

4. 

. 1 

'Ahat  is  it  that  makes  some  peoples  hair  curly  and 
others  straight?  9 

1 

5. 

What  causes  large  paws? 

9 

1 

e. ' 

Why  does  a frog  croak?  Why  doesn't  it  squeak 
or  j^runt? 

10 

1 

7. 

Why  do  some  people  just  pass  by  poison  ivy  and 
catch  it  while  others  touch  it  and  don't  get  it 

1 9 

1 

8. 

Why  do  people  have  different  voices? 

9 

1 

9. 

Why  are  some  people  double- jointed? 

9 

1 

Total 

15 

XVII.  Different  plants  and  animals  have 
different  life  cycles.' 

Fu.jils’  Questions 

Grade 

? 

1. 

Why  do  flowers  bloom? 

8 

1 

2. 

What  is  Inside  a bud? 

7 

1 

3. 

Why  do  plants  die  in  ..inter  and  come  back  in 
spring? 

7 

1 

4. 

Why  is  a bird  egg  kept  warm? 

7 

1 

5. 

Kow  do  mosquitoes  breed  in  v/ater  and  then  come 
out  and  fly  around?  How  are  they  born  there? 
Where  do  they  come  from  and  how  do  they  bite 
and  give  poison? 

7 

1 

6. 

Why  doesn't  a chick  hatch  from  an  egg  when  the 
egg  is  first  laid? 

8 

1 

7. 

When  does  the  horsechestnut  tree  make  its  food? 

7 

1 

8. 

Why  do  Evergreens  stay  green? 

7 

1 

9. 

Why  do  trees  take  so  long  to  grow  when  plants 
and  flowers  don't? 

7 

1 

10. 

Why  do  people  get  cold  when  they  die? 

- 8 

1 

11. 

What  causes  leaves  to  fall  off  trees? 

7 

1 

12. 

How  long  does  the  complete  metamorphosis  of  a 
frog  take? 

10 

1 
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Grade 

P 

Pupils'  Questions 

13. 

Vhy  after  so  many  years  going  thru  the  same 
movement  does  the  heart  of  a human  finally 
stop? 

9 

1 

• 

1 — 1 

1/Vhy  is  it  that  people  live  for  a certain 
length  of  time  and  then  die? 

9 

1 

15. 

Why  does  a person’s  heart  stop? 

9 

1 

Total 

15 

XVIII.  Energy  and  matter  can  neither  be  created 
nor  destroyed  but  may  be  transformed  from 
one  form  to  another. 

Grade 

P 

Pu,;lls  Questions 

1. 

How  does  water  make  electricity? 

7,7 

2 

2. 

Why  does  v.ood  sometimes  creak  when  nobody 
touches  it? 

7 

1 

3. 

Vdiy  is  it  that  when  you  drop  something  heavy 
into  v^ater  it  makes  a splash? 

7 

1 

4. 

How  does  television  work?  How  can  they  make 
a picture  out  of  it  and  shoVi/  it  on  the  radio? 

7 

1 

Total 

5 

XIX, 

, Energy  may  be  carried  from  place  to  place 
thibu^j^a  continuous  medium  by  means  of  wave 
motions . 

Pupils’  Questions 

Grade 

p 

1. 

Yfny  does  an  object  make  waves  when  it  strikes 
water? 

8 

1 

2. 

Hov/  can  a soldier  talk  with  a radio  on  his 
back  to  some  place? 

7 

1 

3. 

Ho;v  can  we  talk  thru  a wire? 

7 

1 

4. 

Hov/  does  television  work?  How  can  they  make  a 
picture  out  of  it  and  show  it  on  the  radio? 

7 

1 

5. 

Why  is  it  that  when  you  drop  something  heavy 
into  water  it  makes  a splash? 

7 

1 

6 . 

Is  sunlight  composed  of  just  the  rays  df  the  sun 
or  something  else?  • 7 

1 

Total 
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XV.  Equal  forces  tend  to  balance  one  another. 


pupils  Questions 

1.  How  is  it  tirjat  if  you  put  a bottle  that  has 
some  v/ater  in  it  into  a pan  that  has  some 
water  also  that  the  water  v/on’t  come  out? 


2.  How  does  a pump  ,ork? 


Total 


XXI.  Every  body  has  W'ei^ht  and  occupies  space. 

Two  bodies  cannot  occupy  the  same  place  at 
tile  san.e  time. 


Grade  P 


7 1 

7 1 

2 


100 


Pupils  Questions 

1.  Is  shadow  an  object?  Does  it  oocupy  space? 

2.  When  you  drop  a stone  in  a -^lass  of..ater  the 
water  rises.  Vie  all  knov/  that,  but  why  does 
it? 

Total 

XXII.  Fluids  move  from  regions  of  greater  pressure 
to  regions  of  less  pressure. 

« 

Pupils  s^uestions 

1.  What  causes  an  erruption  of  a volcano? 

2.  Hov/  do  hurricanes,  tornadoes,  and  cyclones 
start? 

V 

3.  What  makes  the  w'ind  blow? 

4.  How  can  the  weather  man  know  what  it»s  going 
to  do  next  day? 

5.  How  does  milk  come  in  a woman’s  breast? 

6.  Hov/  does  the  heart  vvork? 

What  makes  cream  set  in  a bottle  of  milk? 


Grade  P 


7 1 

S’ 


7. 

8. 


Vhat  causes  a nose  bleed?  — Vvhen  you  haven’t  a 
cold  and  haven’t  been  hurt? 


9.  Hovif  does  a pump  v. ork? 

10,  Why  does  the  water  get  rough  on  certain  days? 


Jrade  P 
7,7,7,7 

7 

7,7, 

9,H.S  7 


7,7,7,  8 
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Pup i 1 s Questions 


Grade  F 


11.  How  is  it  that  if  you  put  a bottle  that  has 

some  v^ater  in  it  into  £ pan  that  has  some  water 
also  that  the  water  won’t  come  out?  7 

12.  V.hile  washing  dishes,  I washed  a gallon  jug  and 
stood  it  in  a or  ay  of  waj?m  water.  The  jug  was 

rinsed  in  hot  water.  Looking  down  I saw^  the 
water  in  the  tray  rise  up  in  the  jug.  V.'hat 
causes  this  and  why?  II. S 

13.  Vdiy  is  the.t  the  soil  is  better  in  t ne  valley 

than  on  the  mountain  side?  7 

14.  Hov/  do  we  get  the  w'ater  we  need?  7 

15.  Vvhen  a faucet  is  broken  and  makes  a noise  when 
someone  turns  it,  is  it  because  air  is  inside? 

If  it  is,  please  explain  it  to  me?  9 

16.  I'lhen  you  open  a door  (inside)  the  outside  door 

comes  open  (sometimes).  ’Ahy  does  it  do  that?  H.S 

17.  Does  water  from  a pump  come  from  an  underground 

stream?  7 

Total  

XXIII.  Heat  may  be  transferred  by  radiation,  con- 
duction, or  convection.  . 

1.  ',7nenever  two  bodies  having  different  temperatures 
are  in  contact,  the  warmer  body  gives  some  of  its 
heat  to  the  colder  body. 


2.  Convection  currents  are  caused  by  gravity. 


Grade 

Pu^.'lls  Questions 

1. 

How  do  hurricanes,  tornadoes,  and  cyclones 

start? 

H.S 

2. 

r.hat  makes  clouds  move? 

7,^,7 

8*9 

3. 

Vihat  makes  the  v/ind  blow? 

7*7,7 

8 

4. 

Explain  why  a star  twinkles  and  planets  don't? 

7,7,9 

5. 

What  causes  hailstones? 

8,9 

6. 

How  can  the  weather  man  knov/  what  it's  going 
to  do  the  next  day? 

8^ 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 

16. 

19. 

20. 
21. 
22. 


Pupils  Questions 

^■hat  makes  the  h^t  come  out  of  a plain 
bottle  and  not  out  of  a vacumn  bottle? 

Vyhy  does  fire  burn  a person  if  he  touches 
it? 

Does  h at  travel  from  one  place  to  another 
by  coriN/ection? 

V/hat  causes  air  pockets? 


Grade 


9 

9 


H.S 


H.  3 


How  come  in  science  books  it  says  the  nearer 
you  get  to  the  sun  you  get  warmer.  Vvell,  the 
aviators  go  into  the  atmosphere  and  they  are 
nearer  to  the  sun,  yet  they  almost  freeze  to 
death.  Can  you  explain  that?  9 

Yihj  do  clouds  stay  in  the  sky  instead  of 

being  pulled  to  earth  by  gravity?  7 

If  the  glass  on  the  outside  of  a" bulb  breaks, 
v/ill  the  bulb  still  light?  7 

T/lhat  is  the  theory  of  flight?  10 

Does  the  smoke  that  comes  out  of  a chim.ney 
evaporate  in  the  air?  7 

How  did  we  get  the  water  we  need?  7 

V.hy  is  it  that  air  gets  stuffy  in  a room  after 
a number  of  people  have  been  there  v;ith  the 
windows  and  doors  closed?  _ 7 

How'  and  why  does  it  snow?  7 

About  how  long  does  a snowflake  take  in  falling 
to  the  ground  and  why  does  it  usually  melt  as 
soon  as  it  hits  something?  8 

V»hy  is  it  that  sometimes  part  of  a city  has 
rain  and  the  other  does  not?  8 

What  vyould  be  better  a wall  with  a layer  of 

air  or  a wall  with  sawdust  in  between?  8 

How  could  man  get  near  enough  to  examine  a 
snowflake  before  it  had  chance  to  melt?  8 

Total 
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XXIV.  In  fine  tubes,  liquids  capable  of  v/ettin^^  the  material 


of  v/hich  the  tubes  are  made  will  rise. 


Grade 

F 

Pupils  Questions 

1. 

Eow'  does  soil  water  pass  thru  the  roots  of 
a plant? 

9 

1 

2. 

Sand  can  be  brushed  off  clothing  but  water 
cannot.  Vlhy? 

7 

1 

Total 

2 

XXV 

. In  general,  bodies  expand  when  heated  and 
contract  when  cooled. 

- 

Grade 

F 

Pupils  Questions 

1. 

V^hen  v/as  the  earth  formed?  Hov/  was  it 
formed?  Of  what  is  it  made? 

H.S 

5 

2. 

V.hat  causes  lightning  and  bhunder? 

3 

3. 

In  airplanes  being  invented  now,  how  does 
combustion  of  gases  cause  the  plane  to  rise? 

2 

4. 

V»hat  makes  thunder?  V.hat  causes  the  sound? 

7 

1 

5. 

Does  the  smoke  that  comes  out  of  a chimney 
evaporate  in  the  air? 

7 

1 

6. 

Vvhat  makes  soil  crack  up? 

7 

1 

7. 

V.hat  causes  the  liquid  in  the  thermometer  to 
rise? 

8 

1 

8. 

r.hat  effect  does  heating  have  upon  the  state 
matt  er? 

of 

8 

1 

9.  \"^hile  washing  dishes  I washed  a gallon  jug  and  stood 


it  in  a tray  of  warm  water.  Looking  dovm,  I saw 

the  water  in  the  tray  rise  up  in  the  jug.  V.hat 

caused  this  and  why?  H.S  1 

10.  V\(hy  does  v^ood  sometimes  creak  when  nobody  touches 

it?  7 1 

11.  How  can  you  tell  that  air  has  water  in  it?  7 1 

12.  Does  all  metal  melt  in  the  sun?  7 1 
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Grade 

F 

13. 

does  a boiling  kettle  when  too  hot 
make  noises? 

9 

1 

14. 

Why  is  the  use  of  a thermometer  a more 
accurate  way  to  measure  temperature  than  to 
depend  on  one’s  feeling  of  v/armth  and  coldness? 

9 

1 

15. 

How  were  stones  formed? 

8 

1 

16. 

How, is  temperature  of  air  measured? 

9 

1 

Total 

53 

XXVI 

. In  general,  media  carrying  energy  waves  have 
the  ability  fo  return  to  their  original  con- 
dition after  being  disturbed. 

Grade  F 


pupils'*  Questions 


1. 

’Alien  an  army  of  soldiers  cross  a large  bridge 
why  do  they  break  their  step? 

8 

1 

2. 

Whab  makes  rubber  bounce? 

7 

1 

Total 

XXVII.  Law  of  Falling  Bodies: 

Grade 

F 

1. 

Pupils  Questions 
what  causes  a falling  star? 

7,7,7,7 

9,9 

6 

2. 

If  a penny  was  drop^^ed  from  the  top  of  the 
Empire  State  building  and  it  landed  on  the  top 
of  a person’ s head,  would  it  harm  him? 

9 

1 

3. 

How  long  does  it  take  a star  to  fall  from  the 
sky? 

7 

1 

4. 

’Ahy  are  snowflakes  different  sizes? 

8 

1 

5. 

How  is  the  velocity  of  the  wind  measured? 

9 

1 

6. 

How  fast  does  the  water  in  the  Niagara  Falls 

travel?  Does  it  always  travel  at  the  same  speed? 

is  it  traveling  alv/ays  at  the  same  speed  where 
the  water  comes  from? 

7 

1 

7. 

How  does  one  find  the  muzzle  velocity  of  a rifle?  9 

1 

Total 

■ 

XXVIII.  Law  of  Machines: 
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1.  I saw  an  airplane  weather  vane  with  t I'Pi^propellers . 

The  two  side  ones  were  turning  E.  and  the  middle  one 

was  turning  W.  Please  tell  me  what  caused  it?  

Total  T 


XXIX.  Laws  of  Probability : --The  probability  of  an  event 
is  the  ratio  of  the  no.  of ways  in  which  it  can 
hap  en  to  the  total  number  of  ways  in  which  it  can 
either  happen  or  fail. 

The  probability  that  two  or  more  independent 
events  will  happen  is  equal  to  the  product,  of  their 
respective  probabilities. 


1. 


, , Grade 

Pu.-uls  Q,uestions 

V.'hat  are  the"laws  of  chance"  and  who  discovered 
them?  12 


XXX.  Law  of  Universal  Gravitation: 


1. 

3. 


4. 


5. 


6. 


7. 


8. 


Pupils'*  Q,uestions 

What  exactly  is  gravity? 

V.liy  are  there  rings  around  Saturn? 

\;hy  doesn’t  gravity  pull  dovm  an  airplane 
like  everything  else? 

Why  can  birds  overcome  the  law  of  gravity? 

At  40,000  ft.  what  is  the  air  pressure? 

What  causes  leaves  to  fall  off  trees? 

Vihatmakes  the  waves  keep  coming  and  coming 
without  ever  stopping  at  the  seashore? 

Wlien  airplanes  fly  in  the  sky  what  holds  them 
to  the  earth  and  does  not  let  them  fall  into 
space? 


Grade 


H.S 

%8 

7,7 

9 

7 


H.S 


8 


9.  How  does  the  moon  cause  the  ocean  to  have 

tides?  9 

10.  If  there  is  water  on  the  eanth,  v;hy  does  the 

v/ater  not  pour  off  the  earth  if  it  is  a circle?  8 
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11.  l^liy  doesn’t  the  leaning  tower  of  Pisa 'fall?  Grade 


12.  Will  gravity  ever  change  to  its  opposite 
form? 


9 


13.  Why  is  there  not  a high  and  lov;  tide  on  big 

lakes  as  on  oceans?  They  are  getting  the  moon’s 
gravity  or  pull.  8 

14.  Hov/  do  we  get  the  water  we  need?  7 

15.  VJhy  is  it  that  the  soil  is  better  in  the  valley 

than  on  the  mountain  sides?  7 

16.  What  is  the  theory  of  flight?  10 

17.  If  a man  were  born  v/ith  wings,  would  he  fly?  9 

18.  Why  does  moisture  return- to  theearth?  8 

19.  Why  is  it  that  when  water  freezes  and  forms 

icicles  it  freezes  in  a long,  narrow  shape?  7 

20.  How  does  one  find  the  muzzle  velocity  of  a 

rifle?  9 

21.  How  is  the  velocity  ofthe  wind  measured?  9 

22.  How  fast  does  water  in  the  Niagara  Falls 

travel?  Does  it  always  travel  at  the  same 
speed?  Is  it  traveling  at  the  same  speed  where 
the  water  comes  from?  7 

23.  Are  there  rocket  ships  that  can  reach  a planet? 

bhy  or  why  not?  9 

Total 


XXXL . Light  travels  in  straight  lines  at  a rate  of 

about  186,000  mi.  per  second  when  passing  through 
the  same  media. 


1 

1 

1 

1 

1 

1 


1 

1 


1 

1 


3T 


Graoe 


Pupils  -Questions 

1.  What  causes  lightning  and  thunder? 

2.  What  makes  the  stars  shine? 

3.  How  does  light  occux*  to  science? 

4.  Hov/  does  television  work?  How  can  they  make  a 
picture  out  of  it  and  show  it  on  the  radio? 
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Graae 

F 

5. 

How  far  can  the  human  eye  see? 

9 

1 

6. 

How  could  the  people  of  long  ago  tell  time 
by  the  stars? 

7 

1 

7. 

How  do  we  see  the  sky  so  clear  when  it  is  yet 
so  high? 

9 

1 

8. 

Can  the  telescope  in  California  if  you  look 
in  it,  can  you  see  a planet? 

7 

1 

9. 

How  vifere  planets  discovered? 

9 • 

1 

Total 

12 

XXXII.  Light  waves  are  of  different  lengths.  Khen 
light  strikes  an  object  some  of  the  light 
is  absorbed  v/hile  some  is  reflected  from 
the  surface. 

Grade 

F 

Pupils’  Quescions 

1. 

V«hy  is  the  sky  blue? 

4 

2. 

ViTiat  makes  leaves  change  colors? 

7,7,8 

3 

3 . 

Y'lhat  makes  eyes  green?  blue? 

7,7,3 

3 

4. 

Explain  why  a star  twinkles  and  planets  don’t. 

7,7.9 

3 

5. 

What  gives  rocki  its  different  colors? 

7,7 

2 

6. 

What  makes  water  blue?  green? 

7,8 

2 

7. 

What  makes  the  ground  different  colors? 

7,7 

2 

8. 

Wliy  does  the  moon  change  colors? 

2 

9. 

V.'hatgives  the  stars  oheir  colors? 

2 

10. 

What makes  grass  green? 

7 

K.S 

2 

11. 

V.hat  makes  the  stars  shine? 

7,7 

2 

12. 

How  much  light  does  a moon  give?  a half 
moon? 

8A3 

3 

13. 

V.hat  causes  freckles?  Hov/  can  they  be  cured? 

9 

1 

14. 

W.hat  makes  different  people  turn  different 
colors? 

7 

1 

15. 

Why  do  colors  fade? 

9 

1 
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Grade 

F 

• 

CO 
1 — i 

r.hy  is  it  that  animals  are  m^re  than  one 
color? 

8 

1 

17. 

Hov/  come  the  cows  m*ilk  comes  out  vchite? 

8 

1 

CO 

V;hy  does  the  moon  reflect  the  rays  of  the 
sun? 

7 

1 

19. 

VJhatgives  jev/els  their  color? 

7 

1 

20. 

V.hat  is  there  in  oranges  bhat  makes  them 
change  colors?  Does  the  same  thing  keep  them 
green  when  they  are  not  ripe? 

7 

1 

21. 

What  is  blue? 

7 

1 

22. 

V;hy  do  people  put  away  gold  accessories  in 
blue  cloth? 

9 

1 

23. 

Why  is  snow  vd.lt e when  water  is  colorless? 

7 

1 

24. 

Hovif  does  television  work?  Hove  can  they  make 
a picture  out  of  it  and  show  it  on  the  radio? 

7 

1 

25. 

Vdiy  is  snow'  white  when  water  is  colorless? 

7 

1 

26. 

Is  shadow  an  object?  Does  it  occupy  space? 

7 

1 

27. 

How  does  light  occur  to  science? 

8 

1 

CD 

• 

How  far  can  the  human  eye  see? 

9 

1 

29. 

\'Ihj  can’t  v;e  see  air? 

8 

1 

30. 

Vdiy  can’t  we  see  the  wind? 

7 

1 

31. 

Wl'iat  color  is  a star? 

7 

1 

Total 

49 

XXXIII.  Like  electrical  charges  repel  one  another, 

unlike  electrical  charges  attract  one  another. 
Like  magnetic  poles  repel,  unlike-,^  magnetic 
poles  attract. 

Grade 

F 

pupils  Questions 

1. 

\\hat  causes  light nin_  and  thunder? 

7,8P 

3 

2 . 

Vdiatraakes  a magnet  attract  objects? 

H.S 

1 

3. 

V/hat  causes  the  spots  on  the  sun? 

H.S 

1 

Can  you  take  electricity  apart?  Eov/? 


1 


4. 
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XXXIV.  Plants  and  animals  are  dependent  on  one  ahother. 


Grade 

F 

Pu_^41s'  Questions 

1. 

Could  we  live  if  there  were  no  trees? 

7 

1 

2. 

In  \ hat  surround in^_^s  do  mushrooms  exist? 

8 

1 

3. 

How  long  can  a plant  live  without  water? 

7 

1 

Total 

ry 

O 

XXXV.  Protective  adaptations  are  an  aid  to 
, survival. 

Grade 

F 

PUj^ils  Questions 

1. 

V.hy  does  a zebra  have  stripes? 

10 

1 

2. 

?,hy  does  a leopard  have  spots? 

10  . 

1 

3 . 

V.hy  do  we  have  eyelashes?  eyelids? 

8 

1 

4. 

’Ahy  do  trees  grow  bark? 

7 

1 

5. 

Vshy  do  porcupines  have  needles? 

7 

1 

6. 

V.hy  does  a bumblebee  hum? 

9 

1 

7. 

How  does  a bud  open? 

7 

1 

Total 

7 

XXXVI.  Recapitulation  Theory:  In  the  development 

of  ohe  organism,  the  development  of  the  race 
repeats  itself. 

Grade 

F 

Pupils  Questions 

Q 

1. 

Vvhat  came  first  the  chicken  or  egg? 

H.S 

2 

2. 

How  does  the  inside  of  an  egg  become  an 
animal  or  bird? 

7 

1 

Total 

3 

XXXVII.  Rocks  are  tt®de  in  3 ways:  under  water, 

by  pressure  and  friction,  and  by  melting. 

Grade 

F 

Pupils^  Questions 


ip 

1,  V.hen  was  the  earth  formed?  How  was  it  formed?  9^ 

Of  what  is  it  made?  H.S 
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2 . V.liat  are  rocks  made  of? 

3.  What  is  the  center  of  the  earth  made  of? 

4.  What  are  diamonds  made  of? 

5.  Hou  Vk'ere  stones  formed? 

6.  How  does  coal  turn  into  diamonds? 

7.  Hov/  are  crystals  formed  in  the  rocks? 

8.  How  can  you  find  out  the  different  kinds  of 
rocks? 

9.  What  kind  of  stone  is  most  common? 

10.  V.hat  is  the  difference  betv/een  hard  coal  and 
soft? 

11 . 1/1/hat  causes  diamonds  to  occur  in  old  volcanoes? 

12.  How  come  a diamond  is  the  hardest  substance? 

Total 

XXXVIII.  Soimds  are  produced  by  vibrations  and  are 
carried  by  solids,  liquids,  and  erases  that  vibra' 
When  sound  waves  strike  an  object,  they  are  re- 
flected from  the  object. 

Futdls**  Questions 

1.  Vvhat  is  an  echo? 

2.  What  causes  lightning  and  thojider? 

3.  How  long  does  it  take  for  the  voice  or  sound 
to  travel? 

4.  Why  does  a boiling  kettle  when  too  hot  m.ake 
noises? 

5.  V.hat  makes  the  telephone  poles  hum? 

6.  Why  do  objects  make  a noise  when  they  hit 
bther  objects? 

7.  V/here  does  sound  go  after  it's  heard  and  faded 

away? 

8.  Why  does  a bumblebee  hum? 


Grade 

P 

7.7 

4 

7,2 

2 

7 

1 

8 

1 

7 

1 

9 

1 

7 

1 

8 

1 

7 

1 

7 

1 

9 

1 
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e . 
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F 
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Grade 

F 

9. 

How  does  a cricket  make  the  noise  at  night? 

/ 

9 

1 

• 

o 
1 — 1 

Vthen  a faucet  is  broken  and  makes  a noise 
when  someone  turns  it  on,  is  it  because  air 
is  inside?  If  it  is,  please  explain  it  to  me 

. 9 

1 

11. 

Ydiy  is  it  that  when  you  drop  something  heavy 
to  water  it  makes  a splash? 

In- 

7 

1 

12. 

How  can  v/e  talk  thru  a wire? 

7 

1 

13. 

How  can  a soldier  talk  with  a radio  on  his 
back  to  some  place? 

7 

1 

14. 

V.biatmakes  thunder?  V.hat  causes  trtee  sound? 

7 

1 

15. 

How  long  does  it  take  for  the  voice  to  come 
from  the  throat? 

9 

1 

16. 

Vdiy  do  people  have  different  voices? 

9 

1 

Total 

26 

XXXIX.  The  attraction  of  molecules  of  the  same 
kind  for  each  other  is  called  cohesion;  the 
attraction  of  molecules  of  different  kinds  for 
each  other  is  called  adhesion. 

Pupils'  Questions 

Grade 

F 

1. 

If  a glass  is  placed  on  another  glass  and 
stuck  ti^ht,  how  can  you  get  it  out? 

H.S 

1 

2. 

What  causes  soap  to  make  suds? 

9 

1 

• 

Sand  can  be  brushed  off  clothing,  but  water 
can  not.  V.hy? 

7 

1 

4. 

What  holds  the  cells  together? 

7 

1 

5. 

Why  do  milk  and  coffee  when  heated,  boil 
over  a pan  and  water  doesn't? 

7 

1 

6. 

Why  is  it  that  hot  ice  burns? 

7 

1 

7. 

What  makes  water  hold  itself  up? 

7 

1 

Total 

7 

XL. 

The  cell  is  the  unit  of  structure,  function, 
growth. of  all  life. 

• 1 ^ /-N  “ 

and 

- 

Pupils  Questions 

Grade 

F 

1. 

Is  skin  composed  of  cells? 

7,7 
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2. 


\Miat  makes  hair  grow? 


llii 


Grad  e F 


3. 


4. 


5. 


6 . 


7. 


8. 

9. 

XLI 


1. 


2. 


3. 


4. 


6. 

7. 

8. 

9. 

10. 

11. 


7,7 


V.hat  are  trees  madeof?  7,7 

Are  all  kinds  of  animal  and  plant  life  composed 
of  cells?  7 

V/hat  causes  people  to  grow?  9 

Kov;  can  plants,  trees,  and  other  things  come 
from  cells?  7 

Vvliat  holds  the  cells  together?  7 

Ulieredo  the  nails  on  our  fingers  and  toes  come 
from?  9 

yyhere  does  the  hair  on  our  body  come  from?  9 

Total 


. The  movements  of  the  solar  system  and  of  the 
stars  continue  in  regular  uniform  motion. 


Pupils'*  (Questions 


Grade 


What  causes  the  earth  to  move? 

How  does  the  moon  keep  changing  size? 

Do  stars  move? 

Do  any  of  the  planets  travel? 

Y.'hy  doesn’t  the  sun  shine  at  night? 

Why  does  it  seem  as  we  walk  that  the  moon  moves 
with  us? 


;;; 

7.7 

7.8 
7 

7 

8 


Vvhat's  the  sense  of  day  and  night?  Surely  we 
don’t  have  night  for  a reason?  H.S 

Why  does  the  planet  of  Saturn  have  an  orbit?  9 

Vvhy  don’t  we  spin  around  with  the  earth  on  the 
other  people  around  the  other  side  not  upside 
down?  7 

What  makes  the  earth  and  other  planets  go 
around  the  sun?  8 

Why  does  the  same  star  come  out  first. every 
night?  7 
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Grade 

F 

12. 

How  could  the  people  of  lon^  ago  tell  time 
by  the  stars? 

7 

1 

Total 

17 

XL'II.  THe  present  is  the  Key  to  the  past. 

Pupils**  Questions 

Grade 

F_ 

1. 

What  makes  a tree  ^turn  to  stone? 

7 

1 

XLIII.  The  pressure  of  the  atmosphere  decreases  as  the 
altitude  increases  and  increases  as  the  altitude 
decreases® 

Pupils  Questions 

Grade 

P 

1. 

At  40,000  ft.  what  is  the  air  pressure? 

9 

1 

2. 

Why  do  they  measure  air  by  inches? 

8 

1 

Total 

2 

XLIV.  The  pressure  of  water  increases  with  its 
depth® 

Pupils'  Questions 

Grade 

F 

1. 

What  makes  v/ater  hold  itself  up? 

7 

1 

XLV 

. The  sun  is  the  chief  source  of  energy  to  the 
earth. 

pupils'*  Questions 

Grade 

F 

1. 

What  makes  v/ater  blue?  green? 

CO 

2 ■ 

2. 

What  makes  grass  green? 

7,H.  3. 

2 

3 . 

Why  does  the  moon  reflect  the  rays  of  the  sun? 

7 

1 

4. 

How  does  lightcoccur  to  science? 

8 

1 

5. 

What  is  the  sun? 

7 

1 

6. 

Is  sunlight  composed  of  just  the  rays  of  the 
sun  or  something  else? 

7 

1 

7. 

Hov/  many  rays  ha«  the  sun? 

8 

1 
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XLVI . The  surface  of  Lhe  earth  Is  constantly 

changing. 

Grade 

1. 

Pu,.ils  Questions 

V.hat  causes  art  erruption  of  a volcano? 

7, 7,7,7 
t,6,9 

7 

2 . 

What  causes  earthquakes? 

7, 7, 7,7, 7 
8 

6 

3 . 

How  \;ere  mountains  formed? 

V 

2 

4. 

Why  aren’t  there  many  hills  in  Nev/  Jersey? 

7 

1 

5. 

Why  is  it  that  in  New  England  you 
great  big  boulders  on  the  tops  of 

find  the 
hills? 

7 

1 

6 . 

How  does  an  island  come  up  in  the 

ocean? 

7 

1 

7. 

What  makes  glaciers? 

7 

1 

8. 

V/har  causes  soil  erosion? 

7 

1 

9. 

Whatmakes  soil  crack  up? 

7 

1 

10. 

Why  is  it  that  the  soil  is  better 
than  on  the  mountain  side? 

in  the  valley 

7 

1 

11. 

Are  there  any  volcanoes  in  the  U. 

S.? 

8 

1 

Total 

O T 

^ O 

’OLVII . Theory  of  Creation: 

•t 

Pupils  Questions 

Grade 

11 

x' 

1. 

Kov;  was  man  created? 

H.S 

1 

2.  If  what  I have  learned  about  science  is  true, 
then  our  religion  cfen't  be  true  about  heaven  and 
hell.  V/hich  is  true  science  or  religion?  It  is 
told  that  heaven  is  above  and  hell  is  below.  It 
is  told  that  God  made  the  world.  Yet  in  science 
they  tell  me  that  the  earth  was  formed  by  Nature. 

V.’hich  is  true  science  or  religion? 

3.  Does  religion  argue  with  science? 


9 

9 


1 

1 


4.  Who  v;ere  the  first  man  and  v/oman?  Don't  say 
Adam  and  Eve. 


H.S 


Total 
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XLVIII . Theory  of  Spontaneous  Generation; 


Pupils*  Q^uestions 


1. 


2. 


3. 


4. 


5. 


;vhat  is  the  scientific  theory  of  the  first  form 
of  life. 

How  was  man  created? 

\f'/ho  were  the  first  man  and  woman?  Don’ t say 
Adam  and  Eve? 

Does  religion  argue  with  science? 

If  what  I have  learned  about  science  is  true, 
then  our  religion  can’t  be  true  about  heaven 
and  hell.  Wliich  is  true  science  or  religion? 

It  is  told  that  heaven  is  above  and  hell  below. 
It  is  told  that  God  made  the  v/orld.  Yet  in 
science  they  tell  me  that  the  earth  v/as  lormed 
by  nature.  V.'hich  is  true  science  or  religion? 

Total 


Grade  F 

kTs  T" 

H.S  1 

9 1 

9 1 


9 1 


XLIX.  There  are  myriads  of  bacteria,  molds,  and 
spores  everywhere  which,  under  the  right  condi- 
tions, will  multiply.  Many  of  these  micro- 
organisms are  the  chief  cause  of  most  diseases. 


Pupils 


Questions 


Grade  F 


' 1.  Vdiat  are  bacteria?  • 7/7/10 

2.  How  does  boilin^-,  kill  germs?  7 

3.  Hovif  does  water  get  harmful  germs,  so  it 

has  to  be  purified?  7 

4.  V/hen  venom  is  injected  into  a person  to  cure 
snake  bite,  why  doesn’t  it  act  as  another 

snake  bite?  10 

5.  Vlhy  do  some  people  just  pass  by  poison  ivy 
and  catch  it  while  oLi.ers  touch  it  and  don’t 

get  it?  9 

6.  Vthat  color  and  shape  are  microbes?  10 


3 

1 

1 


1 


1 

1 


7. 


V.hat  causes  cancer  and  is  there  anything  to 
do  to  prevent  it? 

■ Total 


9 


1 

9 


L.  There  is  always  friction  whenever  work  is  done, 
and  this  friction  produces  heat.  Rolling 
friction  is  less  tlian  slidin^  friction. 
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Pupils*  Questions 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


Grade 


V.hat  causes  'an  erruption  of  a volcano? 
7liat  causes  earthquakes? 

V.liat  causes  a falling  star? 

Hov/  does  a match  burn? 


riryryry 

‘f  i '>  ' 

7,8p 

7,7;7;7,7 

8 

7, -7, 7, 7 

£^8 

H.S 


V.hat  happens  when  a star  falls? 

How  were  moun-cains  formed? 

V/hat  would  happen  to  everythin£;j  on  the  earth 
if  there  suddenly  was  no  gravity? 

If  an  apple  strikes  earth,  why  does  it  roil? 

What  causes  the  earth  to  move? 

V«hy  does  a car  come  off  the  road  when  it  is 
going  fast? 

E«w  were  stones  formed? 
o 

Y'fhsit  causes  meteors  and  comets? 

' hat  makes  lava  hot? 

Sometimes  when  a girl  shaves  her  legs  W'hy  is 
there  a powdery  film  over  them? 

Why  is  pollen  harmful  to  asthma? 

Total 


7,8 

7,7 

9 

8 

7 

8 
8 
7 

9 

9 


LI.  Tidal  Theory:  A threat  passing  star  may  have  pulled 

some  of  the  gaseous  material  aways  from  our  sun,  thus 
forming  the  beglrjiin^  of  our  Larth,  the  other  planets 
and  their  satellites. 


» Grade 

Pupils  Questions 

7,7 

L.  V/hen  vas  the  earth  formed?  How  v/as  it  formed?  ^9 


Of  what  was  it  made?  H.S 

2.  Viihat  is  the  center  of  the  earth  made  of?  7,9 

3.  What  is  the  moon?  7,7 

4.  How  were  stones  formed?  - ‘ q 
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5. 

Lhat  forms  theo  scars? 

7 

1 

Total 

11 

LI  I 

. Time  is  the  4th  dimension. 

Pupils'  Questions 

P 

Grade 

1. 

V»hat  is  the  4th  dimension? 

H.S 

1 

LIII.  Two  balancing  forces,  motion  and  gravitation 
to  keep  the  astronomical  bodies  in  place. 

, tend 

Pupils’  Questions 

Grade 

P 

1. 

VTiat  keeps  the  sun,  moon,  earth,  and  planets 
up? 

7 

13 

2. 

What  causes  a falling  star? 

7, 7.7,7 
9,9 

6 

3. 

What  causes  the  earth  to  move? 

7.8 

9.9 

4 

4. 

Why  are  there  rings  around  Saturn? 

8,8 

2 

5. 

What  makes  the  earth  and  other  planets  go 
around  the  sun? 

8 

1 

6 . 

What  would  happen  to  everything  on  the  earth 
if  there  suddenly  v/as  no  gravity? 

9 

1 

7. 

If  there  is  v;ater  on  the  e&rth,  why  does  the 
water  not  pour  off  the  earth  if  it  is  a circle? 

8 

1 

8. 

What  causes  meteors  and  comets? 

8 

1 

9. 

Why  does  the  same  star  come  out  first  every 
night? 

7 

1 

10. 

W'ill  the  E^rth  alv/a^ys  be  in  the  same  plAce 
or  will  it  move? 

9 

1 

11. 

V.hy  is  it  that  there  is  one  star  called  the 
i^orthern  Star  that  stays  in  one  place? 

7 

1 

Total 

'7 
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LIV. 


Water  is  a universal  solvent. 


P 

Pupils  Questions 

1. 

V.here  does  the  salt  in  the 

sea  come  from? 

7,9 

2 

2. 

If  rainfalls  ina  reservoir 
our  water,  does  the  water  ^ 
so,  why? 

where  v/e  get 
;et  impure?  If 

9 

1 

3. 

liov/  can  a fish  breathe  under  v/ater,  where  does 
the  Op  come  from? 

7 

Total 

4 

LV. 

♦*vhen  a current  of  electric 
a wire,  a magnetic  fieldis 
wire  and  conversely. 

ity  is  passed  throu^ 
produced  around  the 

F 

Pupils  Questions 

1. 

How  'do  ships  and  planes  get 

electricity? 

7,7 

2 

2 • 

How  are  electric  bells  and 
by  electric  currents? 

buzzers  operated 

9 

1 

3. 

What  is  electricity? 

9 

1 

Total 

4 

LYI 

. VAien  a solid  changes  to  a liquid,  and  a 
liquid  to  a gas,  heat  is  absorbed  and  conversely. 

• 

Pupils’  Questions 

Grade 

i<' 

1. 

YJhen  was  the  earth  formed? 
Of  v;hat  is  it  made? 

How  was  it  formed? 

7,7,9 

9,E.S 

5 

2. 

Hovv  is  the  water  purified? 

7,9 

2 

3. 

How  can  the  sun  draw^  up  Vvater? 

7,7 

2 

4. 

’fijat  makes  lava  hot? 

7 

1 

5. 

Why  does  water  evaporate? 

7 

1 

6 . 

Vihat  makes  airplane  glue  dry  so  quickly? 

7 

1 

7. 

Y/hat  makes  trees  hard  when 

they  die? 

7 

1 

8. 

How  v;ere  stones  formed? 

8 

1 

9.  Y/hy  is.it  t>iat  air  £;ets  stuffy  in  a room  after 

a number  of  people  have  been  there  v/ith  the  v»'indov;s 
and  doors  closed?  7 


1 


. ’>1 


T T- 


. ^ <">•  fc  X rQ; ' 


.’■  'iC'I  . 


<5  r> . »>.  '^.r-' 

•'^  y •' 


*■•  “I*  n « ^ ^ • _i.  • _ - * - - 4. 


.'c'un^.-'t 


'"  5^  ■> 


'•  Ot'i  J '?OoL;  ,‘;c  *;;  - ^ 


■ VVi-  • tOD 


i d oi:  ;vx  ;>  i i w , a V.  j r:  b i:  fill 

r .**  'T'  ' 

^ L '4^ 


isi.  I e /i.^c  -*oi: 

,,'j 


/i^«JO‘i/L-  tvbBCi^q  kX  ;«XoeI  *)o  ij  iv  'V 

'^'!  /^trcv.-oT-r  arbiMl  'h-  t=.‘liw*  . 

. ^Atiia'te.ViiOo  liTl.y 


? I c I‘I  * O':  I,: 


Lfip  X j*S  v»JL. :,-  • '€  I X ,i/X 
• Ci."'  X-' 


.X 


->  -''•!  C e'TOi-ftyu  iji,.  A £^XX'-’  0Z‘i^0''X.  »01j3  fcvj.-, 

?3)no— ■ /-.•<■  j-.  C-T  3 -TP 


lii'icX 


0 T**  ^ ^ rf  7 f 4. 


• -V  C» 


*''•  «‘  ‘-•'i  XI  e oj  gx;^n.  t*c-  ijXios  b n-?;i/j  .X  l'r 

i-vC  r.  ’-I'lcriX-  ai  liJuff  ^ b£-  jc  oj  ; Ii/i-.‘j 


-i3-r' 


• t -iV. 

• ■ o 


j::‘1oX  j. 


ft’ Or:  ?Cb'tn:’'l  .fX'in:-,  a.-r  a.-blv 

?r>L'pir.  V ai  jQp'  w X O ’ 


V,? 


• > 


3 . •'  ■ .' 

n \^rq 

0:pjr;v;  a: 

• ^ 

.V 

i 'I .j ..  .•■:  ,V  I'ifj  ,! p ‘■f ,r 

fujR.x^ .; 

rico  w w 

• 

^ .I^V- 

J i.  ■'* 

■ 

"P'>'  *V  , ' . 

?:fC-i 

. GV;di_  ?.  > 

0*'  w"  .,.* : 

• 2.' 

? b J e to  .,£  V 

r 'lO  J£  V 

•.  J0>  X- 

• • 

XX-'-clUi^  .:■ 
> • 

■ X‘iX^  - X:,  ^15 

X *ii:p>  s^. 

* 0 ' 

■J  •-»  - ^ 

: : \ \j; 

se 'T‘ij-  -:  ,; 

Tt 

r* 

• 

• 

rbotaTc'! 

■•TO?;  'aT- 

- 

• r-„: 

•-  . '1 


n.  \. 


JO^  :!i.-.tp'i  n-  v p.'  j-  ..i  ^.-.(ift^Jt 

S'ltJrii  rre3ci^..viii'XyX..o.. : .t>  Irir  '-r:  ^ 


^ xt  V'fri.  ^ i X . J ^ ^ . 


119 


Grade 

F 

• 

o 

1 — t 

Plow  and  why  does  it  snov/? 

7 

1 

• 

1 — t 

1 — 1 

About  how  long  does  a snowflake  take  in 
fall in  to  the  ground  and  why  does  it 
usually  melt  as  soon  as  it  hits  some- 
thing? 

8 

1 

12. 

How'  could  man  get  near  enough  to  examine  a snowflake 
before  it  had  a chance  to  melt?  8 

1 

13. 

If  ’’dry  ice”  (solid  CO2)  is  used  in  a present 
day  refrigerator,  would  it  harm  the  food  any? 
Would  it  Piarm  thepeople  when  they  open  the 
door  to  take  products  from  the  refrigerator? 

H.S 

1 

Total 

19 

L7II 

. When  a solute  is  adddd  to  a solvent,  the 
B.  P.  is  rai-Sed  and  the  F.  P.  is  lowered. 

% 

Pupils'*  Questions 


1.  Does  fresh  water  freeze  faster  than  salt  7 

v;ater  dr  salt  water  faster  thanfresh  water?  H.S  2 


LVIII.  Vihen  air  is  cooled  sufficiently,  the  moisture 
in  it  is  condensed/ 


1. 

2. 

3. 

4. 

5. 

6 . 

7. 

8. 
9. 


Pupils  Quest  ions 
Vkhere  does  water  come  from? 

Wnat  are  clouds  made  of? 

hliat  makes  fog? 

Y.hat  is  rain  and  hov,  is  it  made? 

Vvhat  causes  snow  and'  sleet? 

Vihat  is  the  ring  around  the  moon  made  of? 

Vir'hat  causes  hail  atones? 

How  can  the  sun  draw  up  v/ater? 

V.hy  is  it  th  .t  sometimes  part  of  a city  has 
rain  and  tijeowher  part  does  not? 


Grade  F 

7, 7, 7,7 

6 

7,7,7 

£,9  5 

7,7,7  3 

7,9  2 

^8  2 

2 
2 

7,7  2 

^ 2 


10..  Yihy  is  it  that  sometimes  when  it  rains  the 
sun  is  seranstimes  in  the  sky? 


7,8 
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11. 


12. 


13. 


14. 


15. 

16 . 

17. 

18. 

19. 


20. 


LIX. 


iiov;  can  a vveatKeh  man  tell  w it  is  £,oing 
to  do  thenext  day? 

Vvhy  does  it  rain  when  the  evening  is  gray  and 
the  sunrise  is  red?  7 

Villen  it  rains,  what  causes  it  to  stop?  7 

Vihy  does  moisture  return  to  the  earth?  8 

V.liat  is  a corona?  9 

V.liat  is  frost?  7 

V/hat  is  hail  made  from?  7 

HoW  1^^  can  you  tell  that  3-ir  Las  water  in 
it?  7 

Vvhy  does  water  evaporate?  . 7 

How  and  why  do  s it  snow?  7 

Total  

V.’hen  anything  burns,  O2  is  used  and  C02 
is  given  off. 


2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

39 


12u 


Pupils  Q,ues  oions 

1.  iN  airplanes  being  inented  now,  how  does 
coiibustion  of  ^^ases  cause  the  j^lane  co 

iixSc?  9,9  2 

2.  Does  fire  use  any  otrer  gases  in  the  air 

besides  O2?  1 

3.  .vhat  is  iron  oxide?  7 1 

4.  V.hy  does  fire  burn  a person  if  he  touches  it?  9 1 

5.  V;hy  does  a candle  give  off  carbon?  7 1 

6.  Hov/  does  the  fire-fly  make  that  li^^ht  at 

night?  9 1 

7.  If  the  j^lass  on  the  outside  of  a bulb  breaks, 

will  the  bulb  still  light?  ' 7 1 

8.  How  does  hay  take  fire  after  it  has  been  dried 
and  been  wet  by  dew?  or  rain  and  then  put  in  the 
barn.  I know  it  is  spontaneous  combustion,  but 

how  does  it  happen?  H.S  1 


9.  Vvliat  caustiS  combustion?  7 1 
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LX.  When  light  strikes  an  opaque^ob  ject , B.fji  shadow  is 
formed  behind  the  object. 


♦ Grande F 

Pupils  Quest ions 

1.  Why  do  w e have  shadows?  7 1 

2.  Is  shadow  an  object?  Does  it  occupy  space?  9 1 

Total  2” 
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4.  Davis,  Ira  C.,  and  Sharpe,  Richard  U. , A Story  of 
Progress  and  Discovery  , Henry  Holt  and  Co.,  New  York, 
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Ernest  L.  Our  Surroundings- -A  Comx'lete  General  Scienee 
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6.  Gruenoerg,  E®njamin  C.,  and  Uzicker,  Samuel  p Science 

in  Our  Lives,  World  Book  Co.,  New  York,  1938 

7.  Kessler,  John  C.,  Junior  Science,  Benjamin  II.  Sanborn 
and  Co.,  Boston,  1938 

8.  Lake,  Charles  V.,  Hurley,  Henry  V..,  and  V.olton,  Louis 
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15.  Jeans,  Sir  James,  The  Universe  Around  Us,  McMillan 
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